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The Ryman Prize is an international 

award aimed at encouraging the best 

and brightest thinkers in the world 
to focus on ways to improve 


the health of older people. 


The world’s ageing population 

means that in some parts of the 
globe - including much of the Western 
world - the population aged 75+ is set 


to almost triple in the next 30 years. 


Older people face not only the acute threat 
of COVID-19, but also the burden of chronic 


diseases including Alzheimers and diabetes. 


At the same time the health of older 
people is one of the most underfunded 


and poorly resourced areas of research. 


So, to stimulate fresh efforts to tackle 
the problems of old age, we're offering a 
NZ$250,000 (£130,000) annual prize for 
the world’s best discovery, development, 
advance or achievement that enhances 


quality of life for older people. 


WE'RE LOOKING FOR THE 


ON BEHALF OF OLDER PEOPLE 


The Ryman Prize is awarded each year by 
the Prime Minister of New Zealand. It was 
first awarded in 2015 to Gabi Hollows, 
co-founder of the Hollows Foundation, for 
her tireless work to restore sight for millions 


of older people in the developing world. 


Since then world-leading researchers 
Professor Henry Brodaty, Professor Peter 
St George-Hyslop, Professor Takanori 
Shibata and Dr Michael Fehlings have all 


won the prize for their outstanding work. 


In 2020 Professor Miia Kivipelto, a Finnish 


researcher whose research 


into the causes of 
Alzheimers and 
dementia has had a : 
worldwide impact, f 
was awarded the : + i 
prize by the Right a 
Honourable, ‘the 
Jacinda Ardern, id 
Prime Minister 


of New Zealand. 


| 


If you have a great idea or have achieved something 
remarkable like Miia and our five other prize 
winners, we would love to hear from you. 


Entries for the 2021 Ryman Prize close at 50m 
on Friday, July 16, 2021 (New Zealand time). 


Go to rymanprize.com for more information. 
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Virtual events 
Big Thinkers 


In aseries of 10 talks this year, 
some of the world's boldest minds 
will discuss their transformative 
research. Next up, on 22 April from 
6pm BST, biologist Sean B. Carroll 
delves into the awesome mystery 
of how life began on Earth. Later in 
the year, Anil Seth will describe his 
new theory of consciousness. 
There are more fascinating talks 
still to come and three installments 
are already available to watch on 
demand. Get your discounted 
ticket to the whole series now. 


newscientist.com/events 


Podcasts 


Weekly 


A big step forward for synthetic 
life; how the asteroid that killed 
the dinosaurs also set the stage 
for the Amazon as we know it; 
and an exciting anomaly in the 
physics of particles called muons. 


Escape Pod 


The podcast that provides a 
welcome distraction from everyday 
life. In this episode, we look at the 
wonders of perception — from the 
delights of binaural sound to the 
Planck scale, the ultimate limit 

of what we can know. 


newscientist.com/podcasts 


Newsletter 
Launchpad 


Get Leah Crane's weekly dose of 
space news direct to your inbox. 
This week, as spring blooms in the 
northern hemisphere, she looks at 
the worlds that have no seasons. 


newscientist.com/ 
sign-up/launchpad 
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Unseasonable weather Why there is no spring on the planet Mercury 
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Online 
Covid-19 daily briefing 


All the most important 
developments in the pandemic 
in one essential briefing, plus 
links to our latest exclusive 
news, features and interviews. 
Updated daily at 6pm BST. 


newscientist.com/ 
coronavirus-latest 


EVOLUTION 


Essential guide 


Get to grips with all the grandeur 
and complexity of Charles Darwin's 
peerless theory of natural selection 
with our Essential Guide: Evolution, 
the sixth in the series. Available 

to purchase now. 


shop.newscientist.com 


SCOTTISH 
MORTGAGE 
INVESTMENT 
TRUST 


We seek out 
entrepreneurial 
companies changing 
the world in every way. 


We call it investing 
in progress. 


Look at our portfolio and you will discover that we seek out companies revolutionising everything 
from how we all shop, eat and travel to how we bank and look after our health. By using our skills 
as actual investors in this way, we believe we can deliver exceptional growth for your portfolio. 
Join us and invest in progress. Over the last five years the Scottish Mortgage Investment Trust 
has delivered a total return of 351.7% compared to 96.8% for the index*. And Scottish Mortgage 
is low-cost with an ongoing charges figure of just 0.36%. 


Standardised past performance to 31 December* | 2016 | 2017 | 2018 | 2019 | 2020 | 


SCOTTISH MORTGAGE 16.5% 41.1% 4.6% 24.8% 110.5% 


FTSE ALL-WORLD INDEX 29.6% 13.8% 22.3% 13.0% 


Past performance is not a guide to future returns. Please remember that changing stock market 
conditions and currency exchange rates will affect the value of the investment in the fund and 
any income from it. Investors may not get back the amount invested. 


Find out more by watching our film at scottishmortgageit.com 
A Key Information Document is available. Call 0800 917 2112. 


BAILLIE GIFFORD- =| — Actual Investors 


“Source: Morningstar, share price, total return in sterling as at 31.12.20. *“Ongoing charges as at 31.03.20 calculated in accordance with AIC 
recommendations. Details of other costs can be found in the Key Information Document. Your call may be recorded for training or monitoring purposes. 
Issued and approved by Baillie Gifford & Co Limited, whose registered address is at Calton Square, 1 Greenside Row, Edinburgh, EH1 3AN, United 
Kingdom. Baillie Gifford & Co Limited is the authorised Alternative Investment Fund Manager and Company Secretary of the Trust. Baillie Gifford & Co 
Limited is authorised and regulated by the Financial Conduct Authority (FCA). The investment trusts managed by Baillie Gifford & Co Limited are listed 
UK companies and are not authorised and regulated by the Financial Conduct Authority. 
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Introducing DaVinci Resolve 17 


Edit and color correct video with the 
same software used by Hollywood, for free! 


DaVinci Resolve 17 is a major new update packed with over 300 
features and enhancements! Colorists get new HDR grading tools, 
Al based magic mask, color warper and more. Fairlight adds 
lightning fast keyboard and mouse sound editing tools. Editors 
get new metadata ‘slate’ view, smart reframing, proxies, keying, 
Fusion effects and more! 


Next Generation HDR and Color Features! 

New HDR grading tools, redesigned primary controls, Al based magic mask and 
more. The new HDR palette lets you create custom color wheels for targeted 
corrections, magic mask uses the DaVinci Neural Engine to isolate and track 
objects, and the color warper lets you morph colors in creative new ways! 
New DaVinci wide gamut image processing gives you even higher quality! 


World's Fastest and Highest Quality Pro Audio Tools! 

Fairlight features a powerful new engine that supports up to 2,000 realtime 
tracks with effects, dynamic and EQ. The new context sensitive edit selection 
tools and updated shortcuts make it even faster and easier to use, especially if 
you're switching from another system. You can now reverse clips, analyze 


loudness, view transients, preview video, move automation and more! 


-“* Learn more at www.blackmagicdesign.com 


Powerful New Edit and Cut Page Features! 
A new metadata ‘slate’ view with bin dividers makes it easy to sort and find clips 


based on scene, shot, camera, and more! There’s also new audio trimming on 
the cut page, Al based smart reframing for changing aspect ratio, anew portable 
proxy workflow that supercharges edit performance, render in place, timeline 
based syncing, compositing, keying, Fusion effects and more! 


Fusion Effects, Titles and Transitions for Editors! 

DaVinci Resolve 17 lets you save anything created on the Fusion page as an 
effect, title or transition that can be used on the edit and cut pages! New 
animation curve modifiers automatically retime animations when clip length is 
changed, there are new vector shape tools for motion graphics, shared 
markers, and audio playback with graphical waveform! 


DaVinci RESOIVG: .26 0 holo foie es Free 
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Safe for work 


As lockdowns ease and offices reopen, covid-proofing is only part of the challenge 


IN COUNTRIES where covid-19 is coming 
under some degree of control, those who 
have spent the pandemic working from 
home are beginning to return to their 
workplaces. For many, this will come as 
a relief after months of virtual interaction 
with colleagues. Others will mourn the 
return of the commute. Some will feel 
anxious about the changes ahead. 
Of course, first and foremost, 
workplaces will need to be made safe. 
So what will that involve? The business 
of covid-proofing a workplace can seem 
overwhelming and confusing: there are 
so many things to consider, from how to 
organise the working day so that people 
can socially distance, to improving the 
ventilation systems in buildings. 
Fortunately, a risk-management system 
called the Hierarchy of Controls offers a 
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clear and logical way to think about it, 
whether you labour in an open-plan office 
ora factory. The lesson is to prioritise the 
most effective interventions and save 
weaker ones as fallbacks. As we reveal 

on page 8, the most effective strategies 

are the ones you can build in and that 
work automatically, because people, 


“Post-lockdown anxiety over 


commuting, socialising and 
office working is areal problem” 


even those with the best intentions, 
are far from 100 per cent reliable. 

We also need to consider our mental 
health. There is evidence that isolation 
is remarkably bad for humans, and that 
social contact has profound benefits (see 
page 38). This might suggest we should 
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be in workplaces as much as we can so 
that we can have more social contact. 

Set against that is some people’s 
understandable fear of going back. 
Post-lockdown anxiety over commuting, 
socialising and working in enclosed 
spaces is areal problem, and simply 
cajoling people into doing this could 
do more harm than good (see page 10). 
Meanwhile, many people have long 
demanded the right to work more flexibly, 
and lockdowns have shown how well this 
can work. It would be a real shame to walk 
back on these gains — one of the few good 
things to have come out of the pandemic. 

For all these reasons, the most crucial 
thing employers and employees can do in 
the tricky months ahead is communicate 
openly. We need to find ways forward 
that everyone can live with. ! 
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COURSE ONE 


THE BIGGEST MYSTERIES 
OF THE COSMOS 


INCLUDED IN 


“Throughout all of human history, people have looked up at EVERY COURSE: 
the night sky and wondered about the universe and how it 
. : , _ [> ] EXPERTLED 
came to be. Now, thanks to the ingenuity of today’s physicists \—J VIDEO TUTORIALS 


and astronomers, we essentially know what we're looking at. 
—j EXPLAINER VIDEOS, 
} INTERACTIVE DIAGRAMS, 
: ois QUIZZES AND MORE 
This course will introduce you to what we know about the 


sweep of cosmic history from the big bang to hundreds ==] ACCESS TO PREMIUM 
i ; ; |_F]  NEWSCIENTIST RESOURCES 
of billions of years into the future. But as we find answers, ; 
more questions emerge. Join us as we explore these cosmic CPD ACCREDITED 
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India’s covid-19 surge 


More transmissible variants may be to blame for record numbers 
of coronavirus cases, reports Michael Le Page 


CORONAVIRUS cases are surging 
in many countries, with the 
highest number of new cases 
now being reported in Asia. India 
alone reported 161,736 new cases 
on 12 April. In the Indian city of 
Surat, parts of gas furnaces used 
for cremations melted after 
being used non-stop. Meanwhile, 
millions have been gathering 
for festivals across the country. 
The surge appears to be driven 
mainly by the more transmissible 
B.1.1.7 variant from the UK, which 
is causing around 40 per cent 
of cases in Asia, according to 
pathogen-tracking project 
Nextstrain. Another 16 per cent of 
cases are due to the B.1.351 variant 
that evolved in South Africa. 
India’s daily case numbers are 
currently the highest in the world. 


Only the US has ever reported more 


daily cases, peaking at around 


250,000 in January. However, 
India has a larger population. It 
is reporting around 100 cases per 
million people per day, which is 
lower than the rate declared by 
many other countries, including 
the US, Germany and Canada. 
Then again, India may be 
detecting a much lower proportion 
of cases than Western countries. 
It has reported around 13 million 
cases in total, but antibody surveys 
and modelling suggest the actual 
figure could be more than 450 
million, says Gautam Menon at 
Ashoka University in Sonepat. 
Experts had been puzzled by 
India’s lack of a second wave. The 
reason why it is happening now 
isn’t entirely clear. Many first-wave 


restrictions have been relaxed 
and people may not be adhering 
as closely to those that remain. 
However, Menon says his models 
suggest this alone can’t explain 
the rapid rise in cases. He thinks 
new, more transmissible variants 
are mainly to blame. Another idea 
is that immunity acquired during 
the first wave is waning. All three 
factors could be involved. 

“I don’t think cases will peak 
for at least another two or three 
weeks,” says Menon. He is also 
worried that numbers are rising 
across the entire country at once. 
“This may reflect the importance 
of reinfections,” he says. “Should 
that be the case, we may be in for 
an extended period in which cases 


Daily coronavirus news round-up 


newscientist.com/coronavirus-latest 


A woman prays at 
the Navaratri festival 
in Amritsar, India 


will rise or stay at the same level.” 

Because India does relatively 
little genetic sequencing of virus 
samples, it is hard to know what 
part new variants are playing in 
the rise. Sequencing does showa 
rapid increase in the B.1.1.7 variant, 
suggesting it is at least partly 
fuelling the resurgence. 

There have also been alarming 
headlines about “India’s double 


mutant”, a variant now named 
B.1.617 that has also been seen 

in other countries, including 

the UK and US. Along with other 
mutations, B.1.617 has two in the 
part of the virus’s spike protein that 
binds to human cells, which may 
help it dodge antibodies. These 
mutations aren’t unique, though: 
variants with both mutations have 
evolved more than once. 

B.1.617 has been reported by 
the Goa Chronicle to have caused 
a sudden increase of cases in the 
state of Maharashtra, but it has 
been present since September and 
still accounts for only a minority 
of cases. For comparison, B.1.1.7 
was first detected in the UK in 
September and now accounts 
for 98 per cent of cases in the UK. 

Cases are also surging in 
Bangladesh, from around 400 a 
day in February to 7201 0n 12 April. 
Here, though, the B.1.351 variant 
appears to dominate. 

In many countries, vaccination 
procurement has been difficult 
and roll-outs are proceeding too 
slowly to curb the rise in cases. 
India has given just 5 per cent ofits 
population one dose ofa vaccine. 
In other countries, including 
Bangladesh and Sri Lanka, less 
than 5 per cent of the population 
have received their first dose. 

The standout in the region is 
Bhutan, where nearly all adults 
have received one dose of the 
Oxford/AstraZeneca vaccine. 
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Back to the workplace 


How to make our offices safe 


We can't just rely on people to change their behaviour to make the workplace 


a Safe and happy place during the pandemic, says Michael Marshall 


MANY more people in the UK 
are returning to their workplaces 
as coronavirus lockdowns ease. 
Some US companies are also 
attempting a return: Google is 
allowing workers to return on 
avoluntary basis, for instance. 
More will do so in coming 
months. Returning safely will 
involve a mix of strict measures 
and tailored arrangements to 
make employees feel safe and 
happy. “It’s not a one-size-fits-all 
problem,” says Michael Tildesley 
at the University of Warwick, UK. 

From 12 April, many premises in 
England were allowed to reopen, 
including all shops, hairdressers 
and libraries. UK prime minister 
Boris Johnson has argued that 
most people will return to their 
workplaces full-time and that 
there won't be a permanent shift 
towards working from home. 

With more than 11,000 covid-19 
cases in the UK in the past week, 
there are risks associated with 
going back to the workplace. It 
may not cause many additional 
deaths — because almost half ofthe 
population has received at least 
one dose of a vaccine, including 
the majority of those who are 
most vulnerable — but it will raise 
the number of cases. That increase 
has two consequences. First, 11n 10 
infected people seem to develop 
long covid, which can include 
exhaustion and concentration 
problems. Second, more cases 
means more opportunities for 
the virus to mutate to become 
more dangerous. 

The risk of transmission of 
SARS-CoV-2, which causes covid-19, 
needs to be reduced as much as 
possible in the workplace, says Lisa 
Lee at Virginia Tech in Blacksburg. 

The key to this is to follow an 
established risk management 
strategy called the Hierarchy of 
Controls, says Catherine Noakes at 
the University of Leeds, UK. This 
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Acleaner performsa 
fogging treatment in 
an office in Maryland 


involves doing the most effective 
things first, and only using less 
effective strategies as a fallback 
(see diagram, right). 

Approaches that are built in 
and happen automatically are 
the most effective, while the 
least effective are those that 
rely on people changing their 
behaviour. “The least reliable 
intervention is the one that 
depends on people,” says Lee. 

The most effective strategy is 
elimination, in which the hazard 
simply isn’t present. However, 
outside countries like New 
Zealand that have pursued zero- 
covid strategies, workplaces can’t 
hope to be entirely covid-free. 

The next best step is 
substitution, where the aim is to 
replace the hazard with something 
safer. That can mean swapping a 
toxic chemical for a non-toxic one. 
We can’t swap the coronavirus for 


99% 


of artificial aerosols in a hospital 
room were cleared in 5.5 minutes 
using two air purifiers 


ROB CARR/GETTY IMAGES 


another virus, but because the 
hazard at work is due to spread 
by people, employers can instead 
substitute different practices 

to make being in the workplace 
less risky. “We can have people 
working in bubbles so there 

are less of them [in the office],” 
says Noakes. “We can take away 
activities we know are high risk, 
like meetings in meeting rooms.” 
These strategies are surprisingly 
powerful, she says. 

The next step is engineering 
defences against the hazard. In 
this case, ventilation is key. There 
is strong evidence that poorly 
ventilated indoor spaces are 
the worst for viral transmission. 
SARS-CoV-2 spreads through air 
in two ways: in large droplets 
produced when someone coughs 
or sneezes, and in smaller droplets 
knownas aerosols that can linger 
in the air and transmit the virus 
across distances greater than 
2 metres. Improving ventilation 
makes a huge difference. The key 
is for all the air in the room to be 
replaced several times an hour, 
so the virus can’t build up. 

Unfortunately, there is no 
easy way to tell ifa space is well 
ventilated, says Lidia Morawska 
at the Queensland University of 
Technology in Australia. She has 
been using carbon dioxide levels 
as a proxy for the virus to study 
possible transmission around 
her office and nearby restaurants. 
The bigger the build-up of CO,, 
the less ventilation. “Based on 
my visual assessment of the size 
of the venue, number of people 
and airflow created by natural 
or mechanical ventilation, I 
would have said that spaces were 
sufficiently ventilated,” she says. 
But measuring CO, showed this 
wasn’t the case in numerous 
places. Instead, CO, levels often 
reached several thousand parts 
per million, meaning air wasn’t 


being replaced fast enough to 
clear the gas or virus particles. 
Improving ventilation isn’t just 
a matter of opening windows. It 
requires specialist engineers, and 
can be difficult and expensive. But 
it has benefits beyond reducing 
the risk of covid-19. Excessive CO, 
is harmful, and better ventilation 
reduces indoor air pollution. 


"The least reliable 
intervention is the one 
that depends on people 
changing their behaviour” 


Air purifiers that remove the 
virus from the air may help if 
carefully chosen, says Noakes. 

Kirsty Buising at the Royal 
Melbourne Hospital in Australia 
and her colleagues have looked at 
the effectiveness of air purifiers in 
clearing aerosols from wards that 
had been used for people with 
covid-19. In a study published 
on 31 March, they show that two 
portable air purifiers cleared 99 per 
cent of artificial aerosols from 
a hospital room in 5.5 minutes 
(MedRxiv, doi.org/f6gq). Although 
they identified a link between 
airflow on the ward and the spread 
of covid-19 infections, no one has 
yet confirmed that such devices 
actually trap SARS-CoV-2, says 
Noakes, it is just assumed they 
will, based on the size of particles 
they catch. 

Instead of tackling air flow 
issues, many businesses “stick a 
load of Plexiglas up”, says Noakes. 
Unfortunately, screens are only 
really useful for short-term 
encounters, such as protecting 
shop assistants during 
transactions. That is because they 
mainly stop large droplets. Given 
time, the smaller aerosols can 
drift around them. For people 
sitting for hours in an office with 
good physical distancing, adding 
barriers makes no difference, 


but better ventilation would. 

The fourth phase of control 
is administration. This means 
changing how people behave 
and is inherently less effective. 
It can entail, for instance, creating 
one-way systems by putting sticky 
tape on the office floor. “You have 
to be careful not to get obsessive 
over it, but it does provide a visual 
reminder of ‘I mustn’t get too 
close’ says Noakes. 

The least effective method, 
and therefore the last resort, is 
personal protective equipment 
like face masks. These reduce the 
chance that an infected person will 
spread the virus, but they can be 
uncomfortable, people must take 
them off to eat and drink, and not 
everyone can wear them. Still, they 
are better than nothing, says Lee. 

Both Lee and Noakes say that 
businesses are making changes, 
but in the UK and the US they are 
doing so largely without funding 
from governments, and often 
on the basis of guidelines rather 
than legally binding regulations. 
That means efforts tend to focus 
on cheap but weak solutions, 
like changing people’s behaviour, 
but not on ventilation, which 
is effective but difficult. 
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Painted markers show 
people where to wait for 
a tram in Nice, France 


There is still too much focus 
on cleaning surfaces, even though 
it is now clear that the virus 
spreads mainly through the air, 
says Teresa Moreno at the Institute 
of Environmental Assessment 
and Water Research in Barcelona, 
Spain. “Compared with air, the 
surface is not the problem.” 
The World Health Organization 
(WHO) needs to hammer that 
message home, she says. 

Morawska also wants more 
explicit guidance on ventilation 


A hierarchy of the most effective controls for safe 
office working during the coronavirus pandemic 


Most effective 


Satan 
We=27 


PPE 


Least effective 


A zero-covid-19 
national strategy 


Changed practices, with 
fewer people in offices 
and flexible working 


Ventilation, air purifiers 
and barriers 


Social distancing, 
one-way systems, 
lunch at desk and testing 


Face masks, hand gel 
and other personal 
protective equipment 


Health Check newsletter 
Get a weekly round-up of health news in your inbox 
newscientist.com/healthcheck 


standards. “The problem is that at 
the moment, there are no existing 
standards applicable to respiratory 
infection control in public spaces, 
including workplaces,” she says. 
Her team has developed an 
Airborne Infection Risk Calculator, 
and she wants to see such tools 
included in guidelines from the 
WHO and governments. 


Risk of commuting 


It isn’t just the workplace itself 
that needs to be made safe. People 
have to commute, and that can 
mean getting onto buses or trains. 

Crowded public transport may 
cause anxiety (see “Why going 
back to offices may affect mental 
health”, page 10), but in reality, it is 
likely to be fairly low risk. Moreno 
and her colleagues looked for 
SARS-CoV-2 on buses and subway 
trains in Barcelona between 
May and June 2020. They found 
fragments of viral RNA in 30 of 82 
samples, but the risk of infection 
was low, and that was before most 
people started wearing masks. 

Most people sit quietly and 
don’t stay in the same vehicle for 
more than an hour, and buses and 
overground trains are often well 
ventilated, as are subway trains. 
What’s more, staggered working 
hours limits overcrowding on 
platforms. Shared journeys in 
cars, however, are riskier because 
ceilings are lower. 

People also have to get lunch, 
and may socialise after work. 
To make it easier to maintain 
social distancing, the French 
government recently scrapped a 
law banning people eating at their 
desks. “It’s the social interactions 
that go with going back to the 
office that are probably more 
risky than the office,” says Noakes. 
“In the workplace, it’s been 
organised in a particular way 
and youcomply withtherules. » 
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Whereas it’s very easy the minute 
you leave the door to slip slightly.” 

Employers need to ask 
themselves three questions 
before they bring someone back 
into the workplace, says Ben 
Willmott, head of public policy 
at the Chartered Institute of 
Personnel and Development 
(CIPD) in London. First, is it 
essential that the person come in? 
Second, is it sufficiently safe? And 
crucially, is it mutually agreed? 

Despite what Johnson says, 
many businesses and workers 
aren't going to go back to how 
things were, says Willmott. Ina 
report published in September 
2020, the CIPD surveyed UK 
employers and found they expect 
37 per cent of their workforce to 
work from home regularly after 
the pandemic is over, compared 
with 18 per cent before. Ina 
follow-up published this month, 
the CIPD found that 63 per cent 
of employers plan to introduce 
or expand hybrid working. 

“We're not just talking about 
flexible location,” says Willmott. 
That risks creating a two-tier 
workforce, where people whose 
jobs cannot be done remotely 
have no flexibility. “You’ve really 
got to think about flexible hours 
as well. Things like annualised 
hours, term-time working, job 
share, part-time or flexi-time, 
compressed hours.” 

Many people want to keep 
working flexibly. People with 
disabilities have long demanded 
the right to do so, says Anna 
Morell at Disability Rights UK, as 
have parents and others who care 
for vulnerable people. “We want 
people to be able to choose what 
they feel is safest for them,” says 
Morell. The lockdowns showed 
that people can be productive 
from home. “It’s really important 
that that flexibility is maintained 
if people need that,” says Morell. 8 
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Post-pandemic life 


Why going back to offices 
may affect mental health 


Helen Thomson 


ARETURN to the workplace can't 
come soon enough for some 
people. Others, however, may 

be experiencing post-lockdown 
anxiety, triggered in part by 
thoughts of sharing indoor 
space, socialising with other 
people or commuting on 
crowded buses or trains. 

The covid-19 pandemic has 
had a serious impact on mental 
health. A study of more than 
53,000 people in the UK that 
tracked mental health before 
the pandemic and into the first 
lockdown showed an immediate 
increase in mental distress 
in people aged 16 and older 
(The Lancet, doi.org/gg5ngp). 

Despite a slight improvement 
in anxiety levels over the past year, 
they are significantly worse than 
they were before the pandemic, 


20% 


of people in the UK anxious 
about the end of lockdown 
worry about going back to work 


according to the UK Office for 
National Statistics (ONS). The 
effect is stronger for people in 

a lower socio-economic bracket. 
Medical insurance company Bupa 
tells New Scientist it has seen 
twice as many Calls to its mental 
health direct access service as it 
did two years ago. 

New stressors arrive as 
lockdowns end. Anxiety UK polled 
900 people and found that of 
those who were feeling anxious 
about the lifting of restrictions, 
46 per cent cited pressure 
to socialise as their biggest 
concern, while 23 per cent were 
worried about public transport 
and 20 per cent were anxious 
about returning to work. About 
23 per cent felt that they would 
be pressured to go back to the 
office sooner than they would like. 
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But it wouldn't necessarily be 
best for our mental health if we 
continued to work from home, 
says Peter Smith at the University 
of Toronto, Canada. Smith and 
his colleagues studied people 
working in different environments 
in Canada in 2020. 

They found that anxiety and 
depression were lower for those 
working remotely than for people 
still working on site or who had 
lost their jobs. However, when 
workplaces had adequate infection 
control schemes, on-site workers 
had the lowest prevalence of 
anxiety (Annals of Work Exposures 
and Health, doi.org/f58k). 

“Every worker has the right to 
feel safe at the work site, and it 
is an employer's responsibility to 
ensure that if they require people 
to be at the work site, that they 
make sure the environment 
feels safe,” says Smith. 

Going back to workplaces 
could mitigate some “brain fog” 
or stress that may be a result of 
social isolation and loneliness. 
Left unchecked, loneliness — which 
arecent ONS survey shows has 
increased in England, Wales and 
Scotland since April 2020 - can 
be as detrimental to our health 
as smoking or lack of exercise. It 
can cause changes in brain areas 
involved in memory and cognitive 
function, often associated with 


Resuming office-based 
work can be stressful, 
but it has benefits too 


feelings of blurriness or a lack of 
concentration as well as changes 
to the amygdala, a brain region 
involved in emotional regulation. 

Increased social interaction in 
an office should boost well-being. 
Although some studies suggest 
that online interaction is as 
psychologically valuable as 
interacting in person — reducing 
anxiety and depression and 
increasing feelings of well-being - 
others indicate that meaningful, 
face-to-face interaction with a 
few people is key to happiness. 

Partly, this may be down to 
our mirror neurons -— cells that 
fire in the same way whether 
we perform an action, like smiling, 
or see someone else do the 
same thing. This may be one 
of the reasons that seeing 
people in person tends to boost 
happiness more than speaking 
via video chat or on the phone, 
where such nuances can be lost. 

Eventually, working together 
in person will lead to increased 
social touching - shaking hands, 
hugging — which can boost 
well-being. The feeling of 
another's touch activates a brain 
region called the orbitofrontal 
cortex, which generates feelings 
of reward and compassion. 
Touch also builds trust, increases 
our pain threshold and triggers 
a burst of endorphins and the 
feel-good hormone oxytocin, 
which protects against stress. 

If you feel anxious about the 
prospect of returning to an office, 
there are also several things you 
can do, says Arun Thiyagarajan, 
medical director for Bupa’s Health 
Clinics. “Practicing mindfulness, 
taking time to exercise and 
downtime away from work can all 
help to reduce anxiety,’ he says. ff 


News 


Space 


Nuclear-powered rockets 


The US plans to revive an old technology to make spacecraft that can be steered more easily 


David Hambling 


THE US is taking steps to puta 
nuclear thermal rocket in orbit 
by 2025, paving the way for 
improved navigation in space. 

The Defense Advanced Research 
Projects Agency (DARPA) plans to 
turn the long-studied concept of 
a nuclear thermal rocket into 
a reality. The technology isn’t 
powerful enough to launch 
arocket from Earth, but could 
provide propulsion for an 
extended period once in space. 
This would make it ideal for 
manoeuvring in orbit or in 
deep-space missions. 

“In the air, on the ground and 
at sea, manoeuvrability is a critical 
capability,’ says DARPA project 
manager Nathan Greiner. “Nuclear 
thermal propulsion will give us 
that agility in space.” 

Such rockets use nuclear power 
to heat cold propellants to high 
temperatures, which causes the 
propellant to expand and provide 
thrust. The idea for nuclear thermal 
propulsion was developed by the 
US Air Force in 1946, as well as by 
Qian Xuesen at the Massachusetts 
Institute of Technology in 1947. 

The engine will run for as 
long as the supply of propellant — 
typically hydrogen —lasts, which 


DARPA 


would probably be a few weeks. 
The project is being facilitated 
in part by a 2019 US presidential 
memorandum, which made 
it simpler to get approval for 
launches containing radioactive 
material. To fit in with the rules 
set out by the memorandum, the 
project will have a less radioactive 
power source than previous ones, 
such as NASA’s Nuclear Engine 
for Rocket Vehicle Application 
programme in the 1960s, which 


developed nuclear thermal rockets 


without testing them in space. 
Contracts to design botha 
demonstration system anda 


full-blown spacecraft have now 
been awarded to General Atomics, 
Blue Origin and Lockheed Martin. 
The project will focus on 
satellites in orbits of up to 
400,000 kilometres above Earth, 
which is far higher than current 
space operations carried out by 
military spacecraft. With the 
technology, military operators 
could move nuclear-powered 
communications or spy satellites 
at will to an area of interest. It could 


Nuclear thermal rockets 
could have improved 
manoeuvrability in space 


also open up new possibilities, 
such as tracking and identifying 
rival stealth satellites. 

Launching nuclear rockets 
comes with its own challenges. 
In 1983, anuclear reactor onthe 
Soviet Kosmos 1402 spy satellite 
caused major concern when it 
malfunctioned and spiralled 
towards Earth. Fortunately, it 
burned up harmlessly in the 
atmosphere as it had been 
designed to do. 

To reduce the risks involved, 
the DARPA reactor won't be 
activated until it is in space. “Ifthe 
reactor hasn't been operated, then 
it’s basically just a quantity of low- 
enriched uranium,” says Laurence 
Williams, a specialist in nuclear 
safety at Imperial College London. 

He says that a detailed safety 
analysis would still be needed 
before any launch, looking at 
what might happen if the rocket 
failed at lift off or blew up in the 
atmosphere afterwards. 

Ifthe DARPA project succeeds, 
we could soon see a whole 
generation of nuclear spacecraft 
in Earth orbit and beyond. NASA 
has long been interested in 
nuclear thermal propulsion for 
missions to Mars and elsewhere. ff 


Technology 


Regular headphones 
can detect a heart 
rate and count steps 


THE tiny speakers inside standard 

headphones convert electrical 

signals into sound waves that 

we can hear. But the process 

can also work in reverse. 
Vibrations near the speakers - 

such as those from a heartbeat or 

from speaking - create electrical 

signals. Xiaoran Fan at the Samsung 

Artificial Intelligence Center in New 


York and his colleagues leveraged 
this effect to measure a wearer's 
heart rate and count their steps. 
By playing a short sound, the 
headphones can be used to identify 
someone using reflections from 
their uniquely shaped ear canals. 
The signals are extremely weak 
compared with audio signals froma 
smartphone or computer and could 
be easily lost. So the team created 
a small electrical circuit to filter out 
the incoming signals and allow the 


fluctuations to be recorded while still 


letting the wearer listen to music. 


The system achieved more 
than 96 per cent accuracy when 
identifying the wearer among a 
group of 27 participants. The heart 
rate of the wearer was detected 
with more than 96 per cent 
accuracy when compared witha 
pulse oximeter. The researchers 
were also able to detect two 
different gestures, a tap and 


“The heart rate of a wearer 
was detected with 96 per 
cent accuracy compared 
with a pulse oximeter” 


a stroke, on the outside of the 
headphones with more than 
98 per cent accuracy (Proceedings 
of MobiCom ‘21, doi.org/f5mc). 
This circuit can be built with 
nothing more than two resistors. 
It uses no power and could be 
built into a smartphone or an 
adapter for use with existing 
phones at a cost of just 50 pence. 
Fan says simple signal processing 
on a computer then extracts the 
information, but that any standard 
smartphone could do this. ff 
Matthew Sparkes 
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Unusual trial tests how money 
affects child development 


Catherine de Lange 


GROWING up in poverty 

can have long-term negative 
consequences for children. Now, 
a study offering unconditional 
cash to a group of mothers 

on low incomes in the US 

is beginning to discover the 
precise role of parental income 
in child development. It is the 
first randomised trial to look at 
whether a basic income might 
affect the way a child’s brain 
develops in this critical period. 

We know that the first 
few years of a child’s life 
are the most influential for 
their development. Brain 
development is particularly 
rapid in early childhood and 
therefore more likely to be 
influenced by the environment. 

Studies of children born into 
families with low incomes have 
found they tend to have more 
behavioural problems and are 
behind their peers when they 
start school. However, it isn’t 
clear whether low income 
directly leads to these outcomes, 
or whether they are a result of 
other factors associated with 
growing up in poverty. 

To find out, Kimberly Noble 
at Columbia University in New 
York City and her colleagues 
approached women on low 
incomes who had just given 
birth at four sites in the US. 
Around 1000 women agreed to 
be part of the study and were 
randomly assigned to one of two 
groups. One group, consisting 
of 40 per cent ofthe women, 
receives an unconditional cash 
gift of $330 per month, and the 
other group receives $20 per 
month. Both groups will 
receive the money for the first 
4o months of their child’s life. 


Astudy is looking at 
how income affects 


child development 
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The first babies in the study 
were born in May 2018, and the 
team has been following up 
every year. Preliminary findings 
were presented last week at the 
virtual Society for Research in 
Child Development Conference. 

The team is measuring 
several things throughout the 
study. At each yearly follow-up, 
children are assessed for 
measures like sleep quality, 
developmental milestones, 
overall health and emotional 
development. One unique 
aspect of the study is the use of 
mobile EEG headsets to monitor 


$330 


The amount given to mothers in 
one of the groups each month 


the infants’ brain activity in 
their home environments. 
“To date, the dots are not 
connected in a careful scientific 
way,’ one of the study authors, 
Katherine Magnuson at the 
University of Wisconsin- 
Madison, told the conference. 
Almost $4 million has been 
given out through the study 
so far. Though it is too early to 
draw full conclusions, some 


preliminary results are already 
of interest. For example, some 
of the parents have allowed the 
researchers to keep track of 
their transactions. Those in the 
high-cash group appear to be 
spending more on books for 
their children, and spending 
more time reading together, 
according to surveys the team 
conducted. This is potentially 
good news because reading 

to infants is known to be good 
for cognitive development, 
vocabulary and promoting 
important bonds between 
adults and children. 

The researchers say it also 
seems like very little money 
was spent on what they call 
temptation goods like 
gambling, alcohol and tobacco. 

“To my knowledge, a study 
like this has not been done 
before,” says Charles Nelson 
at Harvard Medical School, 
who was a consultant on the 
study but isn’t part ofthe 
research team. 

Eventually, the findings could 
help with policy interventions 
to assist children born into 
poverty, or even to find ways 
to buffer against the effects 
of poverty later in life. 


Virtual reality 


Web vibrations are 
turned into sound to 
give us spidey sense 


Ian Morse 


MANY spiders are nearly blind, but 
can “see” what is going on in their 
webs by picking up disturbances via 
their legs. Researchers have now 
made an audio-visual virtual reality 
take on this, converting vibrations 
these animals sense to sounds we 
can hear, giving us an idea of what 
it might feel like to be a spider. 

“The spider web can be 
viewed as an extension of the 
body of the spider, in that it lives 
within it, but also uses it as a 
sensor,” says Markus Buehler at 
the Massachusetts Institute of 
Technology, who presented the 
work ata virtual meeting of the 
American Chemical Society. 

Because of differences in the 
length and tension of each of the 
strands of a spider's web, they 
emit a different frequency when 
disturbed and can even be used to 
send out signals or communicate 
with other spiders when the web's 
owner taps on the threads. 

For the visual part of the virtual 
experience, the researchers used 
laser imaging to create a 3D map 
of webs made by tropical tent-web 
spiders (Cyrtophora citricola). 

They also identified each strand’s 
vibrating frequency through its size 
and elasticity, converting those 
frequencies into ones that can 

be heard by humans. 

By combining these auditory and 
visual elements, users can connect 
the sounds to the threads they see, 
mimicking a spider surveying its 
world via vibration, says Buehler. 
For example, web strands that are 
closer to the listener sound louder. 

The team made some artistic 
decisions, like using a synthesiser 
with a harp-like sound. For Buehler, 
who has spent hours listening to the 
noises the virtual webs make, they 
no longer just sound dissonant, but 
begin to have identifiable structure. 

“We believe we have an accurate 
reflection of what the spider would 
‘see’ he says. fl 


Robotics 


A machine that thinks like us 


Researchers have created a device that emulates a conscious response 


Chris Stokel-Walker 


A SIMPLE artificial nervous 
system is able to respond to light 
in ahuman-like way and learn to 
perform basic tasks. The principle 
could be used to create more 
useful robots and prostheses. 
Humans, when confronted 
by external stimuli such as heat 
or light, can react rapidly and 
automatically —think about how 
your hand withdraws from a hot 
surface, or how your leg flicks up 
when tapped on the knee. These 
are unconscious responses. But 
conscious responses, such as 
catching a ball, must be honed 
by repeated stimulation. 
Researchers at three 
universities in South Korea have 
developed an artificial system 
capable of simulating a conscious 
response to external stimuli. It 
consists of a photodiode, which 
converts light into an electrical 
signal, a transistor acting asa 
mechanical synapse, an artificial 
neuron circuit, which acts as the 


system’s brain, anda robotic hand. 


When the photodiode detects 
light, it sends an electrical signal 
through the transistor that the 
light is on. That signal is carried to 
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Arobotic contraption 
uses transistors to actin 
a similar way to synapses 


the artificial neuron circuit. There, 
the message is received, sending a 
command to a robotic hand that it 
controls. The neuron circuit is able 
to “learn” in the sense that it can 
optimise its response to the 
signal after repeating the task. 

At the same time as the light 
is turned on, starting the whole 
process off at the photodiode, 
a ball is dropped from above the 
hand. The idea is the contraption 


learns how to cup the hand quickly 
enough to catch the ball. 
The process is similar to the 
way our eye responds to light 
by sending electrical signals via 
synapses to our brain, which then 
translates those signals, decides 
ona course of action and sends a 
command to muscles to move — 
all within a fraction ofa second. 
In the early stages of the 
experiment, the brain of the 
system was slow to translate 
the light signal into a decision to 
cup the hand. Before “learning” 
how to react, the system took 
2.56 seconds to do this. After it had 
been exposed repeatedly to the 
light and allowed time to process 
what to do, this decreased to 
0.23 seconds. The researchers 
say the artificial neural system 
is imitating something like a 
conscious biological response 
(Science Advances, doi.org/f6bm). 
The system isn’t the first to try 
to mimic our biological response 
to external stimuli. A paper in 
2018 detailed attempts to recreate 
sensory neurons within skin, 
while a 2019 paper focused on 
the development of artificial 


synapses. An author of that 
paper even used an artificial 
nervous system to controla 
cockroach limb. 

One of the goals of this type 
of research is to help people with 
neurological conditions regain 
control of organs and limbs that 
they can’t control as quickly as 
they once could. 


“The system is the latest 
in a line of attempts 
to mimic our response 
to external stimuli” 


“The operation of the device 
shows great promise, especially 
in human assistance tasks, or 
in training robotic systems 
based on human movement,” 
says Jonathan Aitken at the 
University of Sheffield, UK. 

Aitken believes that the 
system could be combined with 
wearables tracking how people 
move in order to create robots 
trained to behave in a similar 
fashion. It could, for example, 
allow robots to carry out manual 
tasks that require responding 
to external circumstances. I 


Food and drink 


Chocolate expected 
to taste sweeter 
from a pink packet 


THE colour of a chocolate 
bar's packaging influences our 
expectations of how the chocolate 
will taste. A black wrapper leaves 
us anticipating bitter chocolate, 
and pink packaging leads us to 
expect a sweet bar. 

luri Baptista at the University 
of Campinas in Brazil and his 
colleagues sent a survey to 420 
people between the ages of 18 and 
60. Half of the participants were in 


Brazil and the other half were in 
France. The survey contained two 
photos of milk chocolate bars and 
two of dark chocolate bars. Each 
one came in packaging of a specific 
colour - either black, blue, brown, 
green, red, pink or yellow. 
The participants were asked 
to rank each chocolate bar ona 
scale of one to nine for different 
attributes, including how sweet 
or bitter they expected it to taste. 
People anticipated both the milk 
and the dark chocolate bars to be 
least sweet and most bitter if their 
packaging was black. Conversely, 
they thought the chocolates in 
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The colour of 
packaging affects 
what we think 
chocolate will 
taste like 


yellow or pink packaging would 

be the sweetest and least bitter. 
“The colour of packaging changes 
how the consumer expects the 
chocolate to taste,” says Baptista. 

The participants were also asked 

how much they expected to like 
each chocolate bar. Milk chocolate 


was rated as most likely to 

be enjoyed if it came in black 
packaging - but dark chocolate 

was least likely to be enjoyed 

when it was placed in exactly the 
same black packaging (International 
Journal of Gastronomy and Food 
Science, doi.org/f5k4). 

“Colour plays an important 
role in setting our expectations,” 
says Charles Spence at the 
University of Oxford. 

In the future, the researchers 
hope to test whether the colour 
of packaging also affects how 
we think chocolate tastes. I 
Karina Shah 


17 April 2021| New Scientist | 13 


News 


Physics 


Muons point to new physics 


The way that some subatomic particles spin offers hints of unknown physical forces 


Leah Crane 


THE strange behaviour ofa 
fundamental particle called a 
muon may hint at the existence 
of exotic particles and forces 
beyond the standard model of 
physics. We have had signs of 
this anomaly before, but a new set 
of measurements has increased 
the likelihood that it is real. 

Muonsare electrically charged 
particles, so when they are placed 
in a magnetic field, they start to 
spin in a way that physicists can 
measure. The frequency at which 
a muon rotates when exposed to a 
magnetic field is determined by its 
interactions with other particles 
and forces, represented bya 
number called the g-factor. Using 
the standard model of particle 
physics, researchers can predict 
what this number ought to be 
with extreme precision. 

But in 2006, experimental 
results from Brookhaven National 
Laboratory in New York started 
to diverge from those theoretical 
predictions — the muons were 
spinning slightly faster than 
they ought to. The results weren’t 
statistically significant enough to 
prove that the standard model was 


REIDAR HAHN 


wrong, but they did suggest that 
further investigation was needed. 
Now, a new set of experiments 
at Fermilab in Illinois has 
corroborated the anomalies 
(Physical Review Letters, doi.org/ 
f5k6). “We could have made an 
error at Brookhaven, but then 
Fermilab, which has a much more 
sophisticated set-up, could have 
gotten a different answer -and 
they didn’t,” says William Morse at 


The Muong-2 
experimental equipment 
at Fermilab in Illinois 


Brookhaven National Laboratory. 
This anomaly probably arises 
from a quantum mechanical 
phenomenon called virtual 
particles. These are pairs 
consisting of one particle and its 
antimatter counterpart that pop 
into existence due to quantum 
fluctuations, before vanishing 
again moments later. While they 
exist, they can affect the behaviour 
of real particles, like muons. 
Because these virtual pairs 
are random and come from space- 
time itself, they can be any type of 
particle. Some might be ones that 


we already know of- for instance, 
an electron and its antimatter 
partner, a positron — but some 
might be something more exotic. 
“Tt’s not just the known particles 
that pop in and out of existence, 
but also the ones that have yet to 
be discovered,” says Joe Price at 
the University of Liverpool, UK, 
a member of the Fermilab team. 

The models we use to 
predict the muon’s g-factor only 
include the effects expected from 
known virtual particles, though — 
so if our experiments conflict 
with those models, it points to 
the possibility of other particles 
beyond those we know of, and 
strange forces to govern those 
particles as well. 

The Fermilab results come 
on the heels of news that 
physicists at the CERN particle 
physics laboratory’s Large Hadron 
Collider near Geneva, Switzerland, 
have found something strange 
going on with the way that 
muons decay. Price says the two 
findings may be related. “Maybe 
it’s the same physics froma 
different angle, or maybe it’s 
different physics.” 


Australia 


Bushfires warmed 
the stratosphere by 
1°C for six months 


THE devastating 2019 to 2020 
bushfire season in Australia 
injected huge amounts of smoke 
into the air and led to record 
aerosol pollution. Now an 
analysis has revealed the effects 
that this had on the stratosphere. 
Yu Pengfei at Jinan University 
in China and his colleagues used 
a climate model to simulate the 
atmospheric smoke movement 
during the Australian fires and its 
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environmental impacts. The model 
looked at aerosol movement, 
microphysics and chemistry from 
Earth's surface up to 45 kilometres 
into the atmosphere. The 
researchers found that the smoke 
remained in the stratosphere for all 
of 2020, measurably warming the 
stratosphere by between 1 and 2°C, 
which persisted for approximately 
six months after the fires. 

The particles in the bushfire 
smoke were mainly comprised of 
organic carbon and black carbon. 
"The black carbon material in smoke 
can absorb sunlight and warm the 
surrounding air,” says Yu. He says 


the stratospheric warming would 
have led to changes in air circulation 
but the exact effects are unknown. 
The stratosphere — the portion of 

the atmosphere roughly between 
10 and 50 kilometres above Earth's 
surface - also contains the ozone 
layer. The researchers suggest that 
the smoke particles increased the 
destruction of ozone molecules over 
the southern hemisphere, reacting 
in a similar way to sulphate aerosols. 


“The smoke particles 


increased the destruction 
of ozone molecules over 
the southern hemisphere” 


The heating effect of the black 
carbon would also have contributed 
to the increased rate of ozone 
destruction, says Yu. This is likely 
to have been part of why the hole 
in the ozone layer was larger than 
usual in 2020. 

The researchers estimate that 
between August and December 
2020, there was a drop of 10 to 
20 Dobson units, a measure of 
the amount of ozone extending 
vertically upwards from Earth's 
surface. The average amount 
of ozone in the atmosphere is 
roughly 300 Dobson units. I 
Donna Lu 


Technology 


Redesign makes 
drones quieter and 
less annoying 


David Hambling 


THE irritating sound that drones 
make comes mostly from the 
way the fast-rotating blades slice 
through the air, so redesigning 
these parts could help suppress it. 

Researchers at Australia’s Royal 

Melbourne Institute of Technology, 
working with Melbourne-based 
aerospace company XROTOR, 
developed algorithms to generate 
new rotor designs and assess them 
for thrust, sound level in different 
directions and other factors to 
produce quieter propellers. 

The researchers then used a 
3D printer to test one of the new 
designs, which they found was 
15 decibels quieter but still provided 
the same thrust as the original rotor 
blades. The team believes it can 
beat this with more optimisation. 

The algorithms have been 
tailored to take into account that 
human hearing doesn’t have a 
consistent response to sound, as 
some frequencies appear louder 
to us than others. The team is also 
aiming to engineer rotor noise that 
merges into the background. “Ina 
nutshell, some frequency ranges 
can be more natural and especially 
blend into the ambient noise, 
making them pleasant,” says lead 
researcher Abdulghani Mohamed. 

The rotor design algorithms will 
work at any scale from hobby 
drones up to air taxis, as well as 
working at different rotor speeds, 
so the technique should be widely 
applicable across the range of 
future air vehicles. 

Antonio Torija Martinez, who 
works in acoustic engineering at 
the University of Salford in the UK, 
says the drone industry is taking 
noise issues seriously. He notes that 
any rotor will create sound, but this 
approach of making the noise less 
intrusive should be beneficial. 

“Humans are very sensitive 
to high-frequency sounds, so it 
makes sense to reduce those,” 
says Martinez. f 
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Evolution 


Odd neurons hint that nervous 
systems evolved twice 


Michael Marshall 
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MARINE animals called comb 
jellies have nervous systems 
unlike those of any other known 
animal. Their neurons are oddly 
shaped and use chemicals not 
found in those of other animals. 

“These neurons are quite 
unique,” says Pawel Burkhardt 
at the University of Bergen 
in Norway. 

The discovery adds to an 
ongoing debate about how the 
first animal brains evolved. In 
particular, there is controversy 
over whether brains evolved 
once in early animals, or several 
times in different groups. 

Comb jellies, or ctenophores, 
are one of the oldest animal 
groups, and the oldest group 
to have a nervous system — 
although they lacka large, 
central brain. They look a bit like 
jellyfish, but they have a distinct 
evolutionary history. Their 
name comes from the “combs” 
that run along the outsides of 
their bodies. Each comb is a row 
of tentacles, which propel the 
comb jelly through the water. 

Neurons in other animals 
produce characteristic 
chemicals, in particular, 
small proteins called 
neuropeptides. But nobody 


had identified neuropeptides 
in comb jelly neurons. 
Burkhardt’s team studied a 
comb jelly called Mnemiopsis 
leidyi, whose genome had 
already been sequenced. The 
researchers used a machine- 
learning tool to predict 129 
possible neuropeptides from 
the genome. They then grew 


16 


unique proteins produced 
by comb jelly neurons 


M. leidyiin the lab, and identified 
16 of these neuropeptides in 
their neurons. They were unlike 
those seen in any other animal. 
“They took a big risk in taking 
this approach and I think it paid 
off,’ says Leslie Babonis at 
Cornell University in New York. 
In follow-up experiments, the 
team used the neuropeptides to 
label individual neurons and 
found that four of the chemicals 
had detectable effects on 
behaviour, changing the speed 
at which comb jellies swam. 
Finally, the team obtained a 
three-dimensional image ofa 
comb jelly neuron. In most 
animals, neurons havea central 


Mnemiopsis leidyi 
has very unusual 
neurons 


cell body with several tendrils 
called neurites. The comb jelly 
neuron hada sprawling array 
of neurites, but they had fused 
together at multiple points 
(bioRxiv, doi.org/fssp). 

“It looks more like a 
spiderweb ora trampoline,’ says 
Burkhardt. “I have not seen this 
in any other animal lineage.” 

It isn’t clear why comb jellies 
would have net-like neurons. 
Burkhardt says it may be 
because to move they must 
simultaneously activate all 
their combs, which are widely 
spaced -—so the signal to move 
must be transmitted all over 
the body quickly. 

The discovery may add to 
the discussion of how brains 
evolved. For decades it was 
assumed the first animals 
didn’t have neurons because 
they are absent in sponges-—the 
ancestors of which may have 
been the first of the still- 
surviving animal groups to 
branch off from the animal 
evolutionary tree and begin 
evolving independently. 

However, some biologists now 
believe the ancestors of comb 
jellies, rather than sponges, 
were the first to branch offfrom 
the animal evolutionary tree, 
consistent with the idea that 
neurons evolved on two 

separate occasions. 

Burkhardt says that either 
way, comb jellies may have 
evolved their own nervous 
system independently — 
although we will need more 
evidence to know for sure. 

“I think it’s too early to say 
if [neurons] independently 
evolved,” he says. “But this paper 
clearly opens the door further.” I 
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News Insight 


Climate change 


Ending fossil fuel extraction 


To meet climate goals and stop runaway warming, we need to focus on 
limiting fossil fuel supply and not just demand, reports Adam Vaughan 


FOSSIL fuels aren’t mentioned 

in the world’s landmark deal for 
tackling catastrophic climate 
change. The 2015 Paris Agreement 
commits leaders to holding 
warming to 1.5°C above pre- 
industrial levels, or “well below” 
2°C at the worst — but nowhere 
does it say how much oil, gas or 
coal must be left in the ground. 
This is convenient for world 
leaders, who are happy to talk 
about curbing fossil fuel demand, 
but desperate to continue 
business as usual when it comes 
to extraction —a disconnect that 
risks serious consequences for 
the planet’s thermostat. 

Political aversion doesn’t 
change the facts. Staying under 2°C 
warming means huge chunks of 
fossil fuel reserves — the known 
amount that can be extracted in 
a profitable way —must remain 
unused. A 2015 study estimated 
that four-fifths of coal, half of gas 
anda third of oil reserves globally 
must be left in the ground. 

Despite such warnings, six years 
on from Paris and with the pivotal 
COP26 climate summit looming 
in November, governments are 
still struggling to reduce fossil 
fuel extraction. 

Take the UK. It has an 
internationally respected record 
on policies to curb demand, 
including an ambitious 2030 
ban on new petrol and diesel car 
sales announced last November. 
But just a few months later, 
on 24 March, the UK government 
backed future permits to extract 
oil and gas in the North Sea, 
disappointing campaigners who 
had called for a ban. Ministers have 
previously justified continued 
extraction on the grounds the 
country still needs fossil fuels 
and, ifit doesn’t produce them, 
another nation will. 

Nonetheless, in a sop to climate 
concerns, the UK government’s 
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recent green light was coupled 
with carbon emissions targets for 
industry (see “Tiny tweaks are not 
enough”, right) anda pledge that 
new drilling would only be 
approved if it meets an as-yet- 
undefined “climate compatibility 
checkpoint”. Even so, a week later 
the UK government's chief climate 
adviser, Chris Stark, branded the 
emissions targets unambitious. 
Richard Folland, a former 
British diplomat now at UK 
think tank Carbon Tracker, was 
unsurprised the UK government 
stopped shy of blocking new oil 
and gas projects. “Where I think 
they’ve missed a trick is they could 
have announced a road map fora 
managed phase-out,” he says. The 
UK could have been bolder given 
its presidency of COP26, he says. 
One country does stand out for 
its bold action on limiting supply, 
despite being the European 
Union’s biggest oil producer. 
In December 2020, Denmark 
declared it would allow no new 


Turbines off the coast 
of Denmark, the biggest 
wind farm producer 


10>, 


Amount UK gas and oil firms 
will have to cut carbon 
emissions by 2025 


“Worrying about who 


has the most efficient 
oil platforms is frankly 
a distraction” 
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oil and gas extraction, marking an 
end toa chapter that started with 
its first licences offered in 1972. 

“It’s good for our climate profile, 
it’s good for jobs and it’s good for 
Danish industry, which will gain 
much more from doing this than 
being an oil-producing nation,” 
says Denmark’s climate envoy, 
Tomas Anker Christensen, who 
notes the country’s leadership 
on wind power. 

A focus on green energy 
should attract investment and 
boost jobs in the sector, but why 
not keep drilling oil alongside 
increasing renewables? “Fora 
small economy like the Danish 
one, the narrative, the clarity of 
purpose is stronger than ifwe 
do both,” says Christensen. 

There is self-interest here 
alongside concern about 
unchecked fossil fuel extraction 
busting global climate targets. 
Denmark is home to the world’s 
top maker of wind turbines and 
hosts many of the facilities for 
Spanish-German firm Siemens 
Gamesa, one of the largest 
manufacturers. 

Denmark’s state-owned energy 
company has also morphed from 
mostly producing hydrocarbons 
to being the world’s biggest 
offshore wind farm developer. It is 
now moving forward with a £24.8 
billion artificial island to connect 
mega wind farms in the North Sea, 
using some of the electricity to 
create hydrogen that it can export, 
as it did with oil and gas. 

Christensen acknowledges not 
every country can easily ditch the 
extraction of fossil fuels, as itis a 
major source of tax income for 
some governments. “Every 
country has a different industrial 
profile. It’s really up to every 
nation how they go about this,” he 
says. Other countries have banned 
some types of new oil and gas 
extraction, but they tend to be 
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smaller producers, including Costa 
Rica, New Zealand and France. 
Bigger producers will follow, if 
Denmark has its way. The country 
is planning to show leadership by 
launching an alliance on ending 
oil and gas, akin to the UK’s 
Powering Past Coal Alliance. 
Christensen says it will show “how 
we can play a stronger role on the 
supply side”. Denmark is already 
talking to other governments with 
big oil and gas reserves, he says. 


Non-proliferation treaty 


Campaigners aren't sitting idle 
either. Since 2018, Andrew Simms 
at the New Weather Institute and 
Peter Newell at the University 
of Sussex, both in the UK, have 
been calling for a fossil fuel non- 
proliferation treaty, modelled on 
treaties limiting nuclear weapons. 
As with those treaties, smaller 
producers may have an easier time 
signing on and meeting targets. 
No country has signalled its 
support yet. However, Vancouver 
in Canada became the first city to 
endorse the idea of the treaty last 
year, followed by Barcelona. In 
the UK, the small town of Lewes 
recently passed a motion backing 
it. New York City and Los Angeles 


are considering endorsing it. 

Such local support is symbolic, 
as licensing powers for oil and gas 
are usually reserved for national 
or state governments. But Simms 
says it still helps. “Merely having 
this conversation shifts people’s 
frames of mind -—it means the 
default becomes that we should 
not be locking in more [fossil fuel] 
capacity and infrastructure,” he 
says. Christensen says Denmark 
hasn’t yet taken a stance. “There 
are many challenges with doing 
such a treaty, including getting 
countries to report what they 
have in terms of reserves. Large 
producers might be reluctant to 
sign on toit,” he says. 

Pressure is coming to bear on 
fossil fuel extraction from another 
important direction: finance. 
The World Bank ended funding 


for oil and gas exploration in 2019. 


The European Investment Bank is 
going astep further and stopping 
funding for all energy projects that 
involve fossil fuels by the end of 
this year. Public funds are a small 
fraction of financing for oil and 
gas projects, but they reduce the 
risk for private investors, says 
Greg Muttitt at the International 
Institute for Sustainable 
Development. 


Tiny tweaks are not enough 


In the 24 March deal between the 
UK government and the oil and 
gas industry, firms will have to 
make a 10 per cent cut to carbon 
emissions from their operations 
by 2025 and halve them by 2030. 
Running oil rigs off electricity from 
renewable sources and using 
hydrogen may both play a role. 
However, the UK Climate 
Change Committee (CCC) said 
on 31 March that the targets are 
“significantly lower” than what it 


has called for. But given that only 
1 per cent of the UK’s emissions 
from consumption are driven by 
fossil fuel production operations, 
is this the equivalent of fiddling 
while Rome burns? 

David Joffe at the CCC thinks 
not. “One per cent is big enough 
to be worth worrying about. And 
if the UK can take a lead on this, 
other countries can follow suit, 
which can have a bigger overall 
international impact,” he says. 


Global fossil fuel production 


The combustion of extracted coal, oil and gas leads to emissions of 
carbon dioxide. The difference in emitted CO2 between current 
production projections and the level of production needed to limit 
warming to 1.5°C or 2°C by 2030 is known as the production gap 
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Governments are acting on 
financing, too. One of Joe Biden’s 
first actions as US President was to 
order a review exploring shifting 
the country’s international 
investments away from “high- 
carbon” projects. And on 31 March, 
the UK ended government 
support for overseas fossil fuel 


projects, worth billions of pounds. 


It will take much more effort like 


Others disagree. “To me it 
sounds like a very 1990s 
approach to climate change, 
when we were just starting out 
and thinking, ‘Where can we make 
incremental improvements,” says 
Greg Muttitt at the International 
Institute for Sustainable 
Development. “It’s not about 
tweaking small amounts of 
emissions. Worrying about who 
has the most efficient oil platforms 
is frankly a distraction.” 


this to change the global picture, 
however. Current plans will see 
fossil fuel production rise 2 per 
cent a year to 2030, rather than 
the 6 per cent a year cuts needed 
to restrict global warming to 1.5°C, 
according to a 2020 UN report. 
More momentum on 
staunching supply may come later 
this year, when Carbon Tracker 
launches a carbon registry, 
mapping potential carbon dioxide 
emissions in fossil fuel reserves 
around the world, down to the 
level of companies and projects. 
The registry will mean every time 
a government announces a new 
round oflicensing for oil and gas 
extraction, it should instantly be 
clear how much “unburnable 
carbon’ it is risking, says Mark 
Campanale at Carbon Tracker. 
Without greater action on fossil 
fuel supply, the Paris Agreement 
alone won't stem the climate 
crisis. “It’s an emissions reduction 
treaty, it’s not a supply-constraint 
treaty. That’s its fundamental 
problem,” says Campanale. I 
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News In brief 


Solar system 


Mars went from wet 
to dry to wet again 


ANCIENT Mars fluctuated between 
arid and humid periods, before 
taking on its current dry state. 

This new picture of the planet’s 
history comes from the study of 
high-resolution images taken by 
the Curiosity rover. The photos 
reveal details of the geology of 
Mount Sharp, a 6-kilometre-high 
mountain in Gale crater. 

“It’s kind of the first time that 
we have details on outcrops on 
Mars that are important because 
they are very ancient rocks,” says 
William Rapin at the Research 
Institute in Astrophysics and 
Planetology in France, who 
studied the images with his 
colleagues in the US. The rocks are 
more than 3.5 billion years old and 
are from atime when Mars still 
had water, but was in the process 
of a big climate transition that we 
know occurred planetwide. 

Moving up the mountain, the 
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horizontal layers of rock become 
increasingly younger. The layers 
near the bottom have features that 
suggest they took shape in a lake 
once in Gale crater. But above, the 
rocks look like they formed in an 
ancient dune field in desert-like 
conditions. Higher still, there are 
more geological changes back to 
wetter conditions and then back to 
dry times (Geology, doi.org/fs5kk). 
“What you would have 
expected is that things dry out 
gradually as you move forward in 
time, looking at the Mars timeline, 
but to see the reoccurrence of 
wetter conditions, that’s exciting 
and avery interesting find,” says 
Christian Schroeder at the 
University of Stirling in the UK. 
Curiosity is scheduled to ascend 
Mount Sharp, which could provide 
more detail on these ancient 
environmental fluctuations. 
“Tt will be very interesting to dig 
into that further and find out what 
the driving force between these 
different conditions was,” says 
Schroeder. Krista Charles 
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Wildlife 


American eagles falling foul 
of poison meant for rodents 


RAT poison was found in about 
80 per cent of a sample of eagles 
checked in the US. This widespread 
exposure to toxic chemicals could 
impair their health or lead to death. 
Between 2014 and 2018, Mark 
Ruder at the University of Georgia 
and his team determined the cause 
of death for 303 golden eagles 
(Aquila chrysaetos) and bald 
eagles (Haliaeetus leucocephalus - 
pictured), which were sent to them 
from around the US. Some deaths 
couldn't be explained, but the team 
found 4 per cent of the eagles died 
directly as a result of rat poison. 
They tested 133 of the birds 
for anticoagulant rodenticide, the 
most common rat poison, which can 
also target opossums and beavers, 
and found that 82 per cent of the 
birds had it in their body (PLoS 
One, doi.org/f5q4). 


Global warming 


Threat to ice shelves 
without climate action 


AROUNDa third of the ice shelves 
holding back glaciers in Antarctica 
are at risk of collapse if the world 
fails to take sufficient action on 
climate change, new projections 
have found. This could raise sea 
levels by tens of centimetres. 
Modelling by Ella Gilbert at the 
University of Reading, UK, and 
Christoph Kittel at the University 
of Liege, Belgium, showed that if 
the world warms by 4°C compared 


There was a high prevalence 
of so-called second-generation 
anticoagulant rodenticides, which 
are highly toxic and can remain 
active for months after ingestion. 
These have been tightly regulated 
by the US Environmental Protection 
Agency since 2011 and are only 
available for commercial use. 

Eagles often scavenge, and 
rodents killed by the poison could 
become their food, although it still 
isn’t clear exactly how the birds 
came into contact with it. It is also 
unclear whether the poison can 
affect reproduction or impair their 
health in other ways, says Ruder. 

The findings are “alarming”, he 
says, particularly because eagles 
and other raptors have recently 
rebounded from the brink of 
extinction caused by another 
toxic pesticide, DDT. Ian Morse 


with pre-industrial levels, then 

34 per cent of the ice shelves will 
have meltwater on their surface, 
a sign they are at risk of collapse. 

However, the figure is 18 per cent 
iftemperature rises are checked at 
2°C. The world is currently on track 
for a 2.9°C rise but, ifimplemented, 
climate plans and net-zero goals 
would cut that to 2.1°C. 

Gilbert and Kittel used a much 
higher resolution climate model 
than previous research, with grid 
squares that are 35 kilometres 
wide rather than hundreds of 
kilometres across. It also more 
accurately represents cloud 
physics, which is vital as estimates 
of the area at risk of collapse hinge 
on how much ice loss is replaced 
by snowfall. The big difference 
between the 2°C and 4°C rise 
scenarios stems from melting 
outweighing increased snowfall in 
a 4°C warmer world (Geophysical 
Research Letters, doi.org/f5qx). 

The Larsen C ice shelf (pictured) 
was found to be one such area 
most at risk. Adam Vaughan 
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Natural alternative 
to artificial blue dye 


A blue pigment found in 

red cabbage might replace 
synthetic blue dyes in food. 
The artificial dyes are often 
made from petrochemicals, 
triggering concerns about 
their safety. The cabbage 
discovery ends a decades- 


long search for alternatives. 


It has been used in tests to 
colour ice cream (Science 
Advances, doi.org/f5jp). 


Most UK SUV sales 
are to city dwellers 


Fuel-hungry sports utility 
vehicles are designed for 
off-road use, but a report 
by environmental charity 
Possible finds 74 per cent 
of those bought in the 

UK since 2018 were 
registered to urban buyers, 
perhaps because SUVs are 
advertised as cars that 
have safety features for 
protecting the family. 


‘Mini-brains’ grown 
in low-cost device 


Acheap, 3D-printed 
“microfluidic bioreactor” 
has been used to nourish 
human brain cells as they 
grew into a self-organising 
organoid, or “mini-brain”. 
This approach might allow 
us to grow organoids to 
gauge how an individual's 
brain would react to a given 
medicine (Biomicrofluidics, 
doi.org/gjnrgg). 
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Psychology 


We tend to overlook 
the simple solutions 


A POET knows perfection when 
there is nothing left to remove, 
Leonardo da Vinci supposedly 
said. In other words, less is more. 
But when solving problems, 
people tend to go the other way. 
Gabrielle Adams at the 
University of Virginia and her 
team asked people to complete 
tasks where solutions involved 
either adding or subtracting 
parts. All ofthem were designed 
so that subtraction would be one 


Health 


Fading sight and hearing may 
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of the most efficient options. 
In one, around 200 people had 
to alter a Lego building to support 
a weight in order to gain a $1 bonus. 
The roof of the building was 
balancing precariously on just 
one support. A solution would 
be to add several bricks to better 
support the roof, which they were 
told would cost 10 cents each. 
Another way of shoring up the 
structure was to remove one brick. 
Only 41 per cent opted to do this. 
In another task, around 300 
people had to make a grid of 100 
squares symmetrical by either 
adding or removing green tiles. 


be a risk factor for dementia 


OLDER adults who start losing both 
vision and hearing may be ata 
raised risk of developing dementia. 
Gihwan Byeon at Kangwon 
National University Hospital in 
South Korea and his colleagues 
studied 6520 people, aged 58 to 
101, over six years. At the start of 
the study, they asked each person 
to rate their ability to see and hear. 
The participants also underwent 
cognitive testing every two years. 
The team found that 7.6 per cent 
of those reporting both vision and 
hearing loss had dementia at the 
start, and another 7.4 per cent 
developed it within six years. 
Meanwhile, only 2.4 per cent of 


people with only vision or hearing 
loss had dementia at the start of 
the study, and another 2.9 per cent 
developed it by the end. 

Adjusting for other factors 
that influence dementia, such as 
sex, education and income, the 
researchers estimate that people 
with impairments of both vision 
and hearing are twice as likely to 
develop dementia as people with 
only one or neither impairment 
(Neurology, doi.org/fS5km). 

A failing brain in dementia 
may well make it hard to navigate 
sensory environments, says Jason 
Warren at University College 
London. Christa Lesté-Lasserre 


Whenasked to take the test with 
no practice, only 49 per cent of 
people opted to remove tiles, but 
when given three practice runs 
before taking the test, this rose to 
63 per cent (Nature, doi.org/f5q9). 
During the research, the team 
also spoke to acompany witha 
newly appointed leader who 
asked staff for improvement 
suggestions. For every idea 
to remove a policy or rule, the 
leader received eight to add one. 
Adams believes this tendency 
to add complexity may cause us to 
miss potentially superior options 
and designs. Matthew Sparkes 


Cryptocurrencies 


Bitcoin in China has 
a polluting future 


CARBON emissions associated 
with mining bitcoin have grown 
rapidly in China, and will soon 
outstrip the annual emissions of 
mid-sized European countries. 
Analysis by Dabo Guan at 
Tsinghua University in Beijing, 
China, and his colleagues suggests 
that the total carbon footprint of 
bitcoin mining in China will peak 
in 2024, releasing around 130 
million metric tonnes of carbon. 
By 2024, bitcoin mining in 
China will require 297 terawatt- 
hours of energy and account for 
approximately 5.4 per cent of the 
carbon emissions from generating 
electricity in the country (Nature 
Communications, doi.org/f5q6). 
Mining bitcoin relies on 
computers solving mathematical 
puzzles, with miners receiving 
bitcoin for being the first to 
process a batch of transactions. 
The number of bitcoin awarded 
for this halves every four years, 
and the puzzles have become 
harder and need more computing 
oomph to solve. The cost of the 
equipment needed and the 
electricity to run it has also risen. 
Given China has a commitment 
to a 2060 net-zero carbon goal, 
regulations to cut emissions from 
mining need to be implemented, 
says Guan. Donna Lu 
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BIG THINKER SERIES _ 
SEAN B CARROLL 
ORIGINS OF LIFE. - 


Thursday 22 April 2021 6-7pm BST, 1-2m EDT and on-demand 


Why is the planet the way itis? , 
How did we get here? 
Does everything happen for a reason? 


Philosophers and theologians have pondered these 
questions for millennia, but over the past half-century 
startling scientific discoveries have revealed how the story 
of life on Earth has been driven by random events. 


In this talk evolutionary biologist, writer and 
film producer Sean B Carroll will tell the stories 
of the mother of all accidents, the accident of 
all mothers and much more in an entertaining 
and awe-inspiring tale of the surprising ways 
chance has shaped our existence. 


For more information and 
to book your place visit: 


newscientist.com/origins 


A ESSER SERENE GARNETS GREE oar SE ae RT 
BIG THINKER SERIES 
SEAN B CARROLL 


Views 


The columnist Letters Aperture Culture 

Annalee Newitz on UK’s vaccine strategy Views of Earth from Anew book analyses 

quitting newsletter was right in the the International physics and systemic 

platform Substack p22 circumstances p24 Space Station p28 discrimination p30 
Comment 


The missing piece 


Attempts to tackle undernutrition in children around the world 
often overlook an important part of the puzzle, says Priti Parikh 


HE world’s children are 
i in the midst ofa nutrition 
crisis. At least one in 
three children under 5 globally 
experiences some form of 
undernutrition. Not only 
can this result in them being 
underweight for their age, it can 
also lead to stunted growth and 
affect brain development. 

But tackling this problem isn’t 
simply about food and healthy 
diets. There is an often overlooked 
piece of the puzzle that is needed 
to make a difference: sanitation. 

Figures from the World Health 
Organization show that around 
45 per cent of deaths among 
children under 5 are linked to 
undernutrition, with most of 
these occurring in low and 
middle-income countries. 

The pandemic has worsened 
nutrition crises. Around 55 million 
children were considered 
underweight for their height 
before covid-19 struck, but since 
then 7 million more have been 
added to this category. Current 
global food stocks are higher than 
previous years, so a food shortage 
alone is unlikely to be driving this. 

A few years ago, Robert 
Chambers and Gregor von 
Medeazza at the UK-based 
Institute of Development 
Studies reviewed 250 papers on 
links between gaps in water and 
sanitation services and nutrition, 

_ chronic diarrhoea and disease 

Z to help understand the picture. 
= They found that undernutrition 
d is higher when families lack 

= sanitation facilities in their 


own homes — an issue that 
isn’t limited to low-income 
households — and concluded 
that sanitation and hygiene are 
overlooked in nutrition studies. 

This also matches a pattern 
[have seen first hand. My 
colleagues and I studied nine 
villages in Rajasthan state in 
India where half of children 
under 5 have stunted growth for 
their age. We observed existing 
water and sanitation facilities, 
interviewed families and held 
group discussions on nutrition 
and living conditions. 

We spoke to a mother of two 
children whose story was a typical 


one. Her husband had been 
forced to migrate to a nearby city 
for employment, while she spent 
much of her time working on the 
family farm, as well as performing 
domestic chores like cleaning the 
house and washing clothes and 
utensils. On top of this, she spent 
up to 2 hours every day collecting 
water, resulting in very little time 
left for cooking. 

Only 7 per cent of households 
in this region have toilets and just 
2 per cent have running water 
inside their homes. This makes 
sanitation hard, so water-borne 
diseases are commonplace — often 
with symptoms like diarrhoea, 


Culture columnist 
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which reduces the body’s ability 
to absorb nutrients from food. 

This is a double whammy. It is 
hard for many people to find time 
to cook sufficient food because of 
the water and sanitation facilities, 
and these same facilities make it 
harder to get nutrients from the 
food that they do get. 

The challenge isn’t unique 
to Rajasthan. A study using data 
from the Demographic and Health 
Surveys Program showed that 
around 65 per cent of the variation 
in height for children under 5 can 
be linked to toilet facilities, when 
controlling for factors like GDP. 
Similar links have been established 
for sub-Saharan Africa. 

Covid-19 and the consequent 
economic downturn risk 
investment in sanitation 
infrastructure being reduced. 
This will further put families 
at risk of infections and reduce 
time available to feed children. 

Nutrition isn’t just about 
food distribution —it needs 
to include improvements to 
the environment and living 
conditions. Supporting such 
ambitious and integrated 
policies requires experts from 
nutrition, health, environment 
and engineering to work 
together. This is the only way to 
fix the nutrition crisis faced by 
children around the world. ! 


Priti Parikh heads 

the Engineering for 
International Development 
Research Centre at UCL 
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Views Columnist 


Annalee Newitzis a science 
journalist and author. Their 
latest novel is The Future of 
Another Timeline and they 
are the co-host of the 
Hugo-nominated podcast 
Our Opinions Are Correct. 
You can follow them 
@annaleen and their website 
is techsploitation.com 


Annalee’s week 


What I’m reading 

A. K. Larkwood'’s fantasy 
The Unspoken Name, the 
most nuanced portrait of 
orcs you will ever read. 


What I’m watching 
The reboot of the 1980s 
TV series The Equalizer, 
which this time stars 
Queen Latifah as the 
crime-stopping hero! 


What I’m working on 
My new podcast series 
about building a better 
tomorrow, Deep Futures, 
just came out on all the 
usual podcast platforms. 


This column appears 
monthly. Up next week: 
James Wong 
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This changes everything 


Where Substack went wrong Paid-for newsletters on Substack 
were a great innovation, but the way it has changed means I will 
no longer be writing for it, writes Annalee Newitz 


NE of the breakout social 
media stories of the past 
year has been Substack, 


a start-up that specialises in 
helping writers get paid for their 
newsletters. But in recent months, 
the company has become 
infamous for secretly providing 
financial incentives to a small 
group of people to write some of 
the biggest ones on its platform. 

It was the kind of tale we are 
used to in the gig economy age. In 
2017, Substack was a baby start-up 
on shaky ground. Nobody was 
sure newsletters could compete 
with Twitter or other platforms. 

But Substack’s founders 
thought pay-for-play newsletters 
could be a place for writers to 
make a living outside the 
crumbling media industry: 
authors could offer their thoughts 
directly to subscribers and 
Substack would take a percentage 
of every subscription. Nobody 
would report to anybody, but they 
would all make money. 

Substack quickly pulled away 
from the social media app pack by 
landing some high-profile writers 
like author Daniel M. Lavery, 
former editor of hugely popular 
website The Toast. Then Substack 
turboboosted the career of mild- 
mannered academic Heather Cox 
Richardson, whose “Letters from 
an American” became a must-read 
for people trying to understand 
the Trump presidency. 

During its first few years of 
operation, Substack proudly 
awarded nearly 100 grants 
and advances of anywhere 
from $1000 to $100,000 toa 
wide range of authors, trying 
to encourage them to build up 
their newsletter businesses. 

With many readers willing to 
pay $5 or more a month to their 
favourite writers, it seemed like 
a viable economic alternative for 
freelancers. All you had to do was 


sign up, write what you wanted 
and money would roll in. 

By 2020, the company was 
the talk of the media industry, 
spawning puff pieces about its 
biggest earners, as well as worried 
essays about whether it would be 
the death of journalism. 

Still, there was no doubt that 
Substack was gaining traction. 
With the pandemic keeping 
us indoors, more people were 
willing to spend money on 
entertaining newsletters. 
Apparently it wasn’t enough. 

At some unknown point, 
the firm started a programme 
called Substack Pro to attract 


“Substack gained 
traction during the 
pandemic as people 
stuck indoors 
wanted entertaining 
newsletters” 


even more high-profile writers 
by offering financial incentives 
that act like salaries for the first 
year someone is on the platform. 
But it didn’t reveal who was part 
of this programme. 

Previously, Substack had 
offered advances without hiding 
them. What changed? It’s not 
clear. A few writers, like essayist 
Matthew Yglesias, chose to 
publicly reveal that Substack paid 
them these hefty Pro advances. 
Many, however, are paid by the 
company confidentially. 

I found this troubling, and 
wrote about it in my very last 
newsletter on Substack, calling 
the lack of transparency about 
who was being paid a “scam”. 
My problem isn’t that Substack 
pays writers — hooray for paying 
writers! —and it isn’t how much 
they are paid. 

The problem is that Substack 
claims to be a neutral platform, 


but at the same time, it has coaxed 
certain writers to join. This gives 

it the privileges ofa traditional 
media outlet to foster and amplify 
specific kinds of writing and 
perspectives — without the 
accountability of one. 

This is an extremely rare 
situation in publishing. Media 
outlets from the BBC to YouTube 
pay people to create content for 
them, and we can glean their 
editorial positions based on 
who they pay. 

We can discern whether 
a publication has a political 
perspective, for instance, ora 
scientific bent. Even ona social 
media platform like YouTube, 
where anyone can post videos, 
paid YouTubers are clearly 
marked, so it is obvious when 
something you are watching is 
independently produced versus 
officially supported by YouTube. 

On Substack, which bills itself 
as ahome for “independent 
writers”, there is no such 
transparency. Substack Pro 
writers appear in the same way 
as any other writer. This makes it 
impossible to assess who Substack 
endorses and who it doesn’t. 

After I wrote about this 
problem, a number of people 
explained to me that this is “just 
the way media is”. It’s certainly 
true that a tiny group of people get 
paid the most money, but what’s 
new here is that Substack doesn’t 
say it is part of the publishing 
industry at all. Hiding behind 
a false veneer of independence, 
itis doing what many media 
companies have always done: 
financially endorsing people 
with the help of subscriber money. 
But unlike other organisations, 
Substack won't reveal who. 


Treached out to Substack for 
comment on the record, but 
received no reply. 


Planet Boost is an initiative from New Scientist highlighting charitable 
organisations working to conserve biodiversity and protect the natural 
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BIRD OBSERVATORY 


Awareness of the importance of the natural 
environment for both our physical and mental 
well-being has increased due to the restrictions 
imposed during the pandemic. Sadly, there has 
never been a time when our natural world has 
been more under threat and in need of research 
led conservation. 

The work of our small charity, the Alderney 
Bird Observatory, on Alderney in the English 
Channel has established that our tiny island is 
one of Europe's busiest bird migration flyways. 
We are the most southerly and the newest 
accredited bird observatory in the British Isles 
and our spring and autumn migration research 
is now a significant contributor to European 
ornithological databases. These annual records 
help to establish important bird population 
dynamics and changes in the seasonal 
movement of species, some of which appear to 
be strongly linked to climate change. 


Last year our Bird Warden was the first in the 
British Isles to see an immature Bearded Vulture 
when she flew over Alderney. That is only the 
second record of this species in the British Isles. 
Bearded Vultures are one of Europe's largest and 
rarest raptors and she became quite a celebrity in 
England, where she spent time subsequently. The 
Vulture Conservation Foundation confirmed later 
that she was a wild hatched bird and her mother 
was raised in a zoo in Switzerland and released 
as a fledgling as part of a captive breeding 
programme. We were delighted to help provide 
evidence of a reintroduction success story. 

When interviewed by local television our Bird 
Warden said “this is big news of a big bird” and 


Want to help? 


that “if someone strapped an ironing board 
onto each arm and held them extended it still 
wouldn't quite match her wingspan!” 

The Observatory also provides 
accommodation for ornithologists and 
researchers within a Roman Signal Fort and we 
are very grateful to the States of Alderney (the 
island's government) for the use of this historic 
building. However, the collapse of our income 
stream from visitors during the pandemic now 
jeopardises our census work for the 2021 
spring and autumn migrations. The greatest 
value from our census work comes from seeing 
trends that become apparent over years. We 
need your help so we can gather the 2021 data. 


alderneybirdobservatory.org 
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Editor’s pick 


UK’s vaccine strategy was 
right in the circumstances 


Letters, 3 April 

From Stewart Green, 

Fareham, Hampshire, UK 

It is unfortunate that an approach 
agreed by all of England's regional 
health directors and supported by 
the World Health Organization - 
vaccinating the most at-risk people 
against covid-19 first - is constantly 
challenged and politicised. 

When vaccines are limited, 
choices have to be made as to how 
to get “the biggest bang for your 
buck”. Cutting hospitalisations and 
deaths allows a health service to 
continue to function and carry out 
treatment for myriad chronic and 
acute health conditions. 

I find it sad that this choice is 
linked with the supposed political 
ramifications of a health service 
becoming overwhelmed rather 
than being seen for what it was - 

a genuine attempt at maximum 
impact on severe illness and death. 


Jab doubts may bea 
sign of something else 
27 March, p 8 
From Peter Borrows, 
Amersham, Buckinghamshire, UK 
Vaccine hesitancy is a matter of 
concern in some countries, even if 
it isn’t worsening overall. I wonder 
if the level of hesitancy reflects the 
effectiveness or otherwise ofa 
country’s science education. 
Science is based on a method, it 
is a package deal. You can’t believe 
in the bits that give you mobile 
phones and notin the bits that 
give you vaccines. Countries with 
low vaccine uptake need to review 
their science curriculum. 


Elimination policy will 
prove to be the right one 
Leader, 13 March 

From Greg Billington, 

Picton, New Zealand 

You suggest countries that have 
adopted a covid-19 elimination 
strategy will find it “difficult to 
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reconcile their zero-covid border 
policies with those of countries 
learning to live... with the virus 
in some form”. However, when 
vaccination is complete, borders 
will reopen, and the anguish and 
disruption seen in countries 
“learning to live with the virus” 
will probably have been avoided. 

None of my UK friends regard 
a year of lockdowns, policy 
confusion, deaths and greater 
economic hardship as preferable 
to the near-normal life in 
countries like New Zealand, 
Vietnam and Australia. 


The next wave will 
be the fourth one 


3 April, p9 
From Philip Bath, Edinburgh, UK 
There isa common misperception 
that the UK has only had two 
waves of SARS-CoV-2 when in 
reality it has had three so far. 
There are three peaks in the 
graphs showing infections, 
hospitalisations and deaths. 
Waves one (April 2020) and two 
(November 2020) were caused by 
the original virus, whereas the 
third wave (January 2021) was 
caused by the “Kent” variant. We 
have had three lockdowns in the 


UK aligned with these three waves. 


Our European neighbours are 
now in the midst of their third 
wave caused, unsurprisingly, by 
the more infectious Kent variant. 
Like the US, if we have another 
wave, it will be our fourth. 


Perhaps time is like a 
river flowing over us 


6 March, p 46 

From Chris Arnold, 

Darlington, Western Australia 

In his look at time, Julian Barbour 
states that “we have no choice but 
to be swept from past to future”. 

I propose a line of thinking where 


we aren't swept from past to 
future, but that time passes by 
us, as “observers”, in the reverse 
direction — from future to past. 

In this model, the future 
consists ofa set of probabilities 
that, once observed from a given 
spatial location, will collapse 
across an imaginary boundary 
(the present) into a set of actual 
past events that instantly inform 
the set of future probabilities. 

The flow of time loops from 
future probabilities to past actuals 
to future probabilities —an 
alternative two-way flow of time 
to Barbour’s. For each observer, 
this constant flow of probabilities 
collapsing into actuals generates 
a unique experience of time flow, 
being relative to the observer’s 
spatial location. Perhaps the big 
bang seeded the first set of future 
probabilities into a starter loop, 
while concurrently creating a 
spatial platform from which 
time flows could be observed? 


Nature’s well-being 
benefits are truly vast 
27 March, p 36 
From Ralf Buckley, Griffith 
University, Queensland, Australia 
There is more to add to your piece 
on nature and mental health. First, 
protected areas worldwide have 
an economic value in terms of 
mental health, estimated by 
research that I was involved 
in at USS6 trillion per year. 
Second, national parks and 
other biodiverse ecosystems 
improve mental health much 
more than urban green spaces. 
Third, health insurers in the US, 
the national health services in 
the UK anda mental health 
charity in Australia already 
include nature therapies in 
mainstream mental healthcare. 
The links between nature and 
mental health thus go far beyond 
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urban planning and green 
prescriptions. They provide new 
political support for protected 
areas, and an avenue for global 
mental health rehabilitation after 
the pandemic. 


Once a week I feel 
like Schrédinger’s cat 


13 March, p 36 

From Paul Whiteley, 

Bittaford, Devon, UK 

How would you feel if you were 
in a quantum superposition, 
asks Carlo Rovelli in his article 
“Why quantum is relative”. 

That is easy enough to answer. I 
am ina superposition every Friday 
night, having played the lottery 
but not looking at the results until 
Saturday morning. On Friday 
nights, Iam in a superposition of 
both being a lottery millionaire 
and also the same old wage slave. 
The consequences are that one 
does wake up ina bit ofa daze-— 
or is it a hangover? 


Carbon tax dividend 
could be an error 


20 March, p 44 

From Roger Elwell, 

Colchester, Essex, UK 

Proposals to recycle carbon tax to 
citizens are flawed. The revenue is 
a limited-period source of money, 
which will be used to provide 
additional income that will 
become part of the core support 
mechanism for recipients and 
therefore politically difficult to 
switch offas carbon tax income 
declines to nothing. 


More tell-tale signs of 
an ancient black hole? 


3 April, p34 

From Julia McKillop, 

Wokingham, Berkshire, UK 

The article about the possibility 
ofa small, primordial black hole 
in our solar system makes me 
wonder: could it be responsible 
for the Kuiper belt, in the same 
way that the Sun-Jupiter Lagrange 
points seem to be responsible for 
the placing ofthe asteroids? I 
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Tasmanian wildlife: Like 
nowhere else on earth 


Join conservationist and biologist Nick Mooney 
for a highly immersive expedition around the 
reserves, coasts, wetlands, rain forests, national 
parks, and alpine landscapes of Tasmania in 
search of its diverse wildlife, amazing flora and 
ancient geological features. 

Expect to see everything from Tasmanian 
devils, platypus, little penguins and the eastern 
quoll along with numerous birds and endemic 
species. With just 10 places available, all guests 
will have a deeply personal experience, in an 
intimate atmosphere designed to be low impact 
on the places visited. 

The tour is ideal for those with all levels of 
expertise, and acts as a fantastic introduction to 
Tasmania's amazing flora, fauna and geology and 
how it is being protected whilst allowing those 
with a deeper understanding to observe a great 
many species on land, in the skies and at sea. 


Tour the Bonorong and Hobart reserves close 
by to look for some of Tasmania's nocturnal 
creatures, where it's likely you will see a whole 
range of animals including the pademelon, 
Bennett's wallaby, possum, sugar glider, 
bandicoots, long-nosed potoroo, eastern 
bettong, tawny frogmouth, and southern 
boobook. 

Explore the beautiful Mount Field National 
Park with spectacular waterfalls and giant 
eucalyptus trees in search of pink robins, black 
currawongs, green rosellas and other 
Tasmanian endemic birds. 


- Experience a previously glaciated landscape 


For more information visit 1 


rich in lakes and tarns, bizarre alpine flora, 
and have good chance of seeing Tasmanian 
thornbill, scrubwren, scrubtit and various 
honeyeaters. 


which will maximise the opportunity of 
photographing the elusive Tasmanian devil 
under close to natural conditions. 


Ferry trip to Maria Island, pedestrian and 
bicycle only island that is a refuge for a variety 
of Tasmanian birds and mammals including 
the forester kangaroo and Cape Barren goose. 


Travel on a privately chartered vessel to the 
vastness of the Southern Ocean in a quest to 
site pelagic birds and ocean mammals. 


Outstanding photography opportunities 
within the 1,500- acre private wildlife 
property “Inala” that offers a range of 
platforms and bird-hides to maximise your 
chances of seeing and photographing a range 
of mammals and birdlife. 


- Two-night stay at the Curringa Farm Stay 


Cottages where you will meet 6th generation 
Tasmanian farmers and learn about their farm 
conservation project. 


Visit the Tasmanian Museum, the islands 
leading nature, cultural and heritage museum. 


Pre-departure screening of all guests 
and tour leaders. 


Increased sanitisation of all accommodation 
and transport. 


Mandatory use of PPE where appropriate. 


Private “Devils in the Dark” wildlife experience 


LN 


In partnership with Steppes Travel 


SteppesTravel 


A@ 


For many of us, life during covid lockdowns was life 
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What lies below 
(9) 


Tournament Earth - Astronaut 
Photography Edition, 
NASA Earth Observatory 


THESE unearthly images show 
rare perspectives of the planet. 
Taken from the International 
Space Station, they were chosen 
for this year’s Tournament Earth, 
a NASA space photography 
contest, which this time features 
images taken by astronauts. 

The annual knockout 
competition lets the public vote 
for their favourite shot, pitting 
pairs of photos against one 
another in a succession of rounds 
until a winner is crowned. Out of 
the 32 photos shortlisted this year 
from those taken from the ISS over 
20 years, just two are stillin the 
running: Lake Van, Turkey (top left) 
by Kate Rubins and Stars in Motion 


(top right) by Don Pettit. The 
winner will be revealed this week. 


Rubins’s image shows the blue 
waters of Lake Van, the largest lake 
in Turkey. It has a salinity of 35 per 
cent, making it an inhospitable 
place for life to flourish. The 
colourful rings and stripes in 
Pettit’s image may look like exotic 
space artefacts, but were created 
by compiling long-exposure shots 
of stars and city lights. 

Castellanus Cloud Tower 
(bottom left), one of the semi- 
finalists, was shot by a crew 
member of ISS Expedition 48. At its 
centre is a huge cloud formation 
called acumulus castellanus, which 
formed above Andros Island, part 
of the Bahamas archipelago. 

The other semi-finalist, 
Stargazing from the ISS (bottom 
right), shows the night sky over 
the Pacific Ocean. The image, 
shot during ISS Expedition 44, 
also features the Milky Way anda 
flash of lightning (at lower right). # 


Gege Li 
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Culture 


Physics and prejudice 


Can you combine a love of physics with a strong analysis of the inequalities 
widespread in science? Anna Demming explores a bold new book 


G 


The Disordered Cosmos: 

A journey into dark matter, 
spacetime, & dreams 
deferred 

Chanda Prescod-Weinstein 

Bold Type Books 


THIS isn’t just a popular science 
book. There is plenty of physics 
in it— from the big bang and 
relativity to particle physics, it 
is all there. But attention rapidly 
shifts to the author’s other 
preoccupation: social injustice, 
such as inequalities, prejudices 
and the kind of social grooming 
and timidity that also hinder 
us from calling out these vices. 

The author of The Disordered 
Cosmos is Chanda Prescod- 
Weinstein, assistant professor 
of physics and astronomy, a core 
faculty member in women’s and 
gender studies at the University 
of New Hampshire -and a New 
Scientist columnist. This gives her 
an excellent position from which 
she can both engage in rich detail 
with science’s most fascinating 
theories and grapple with human 
and inhuman social failings. 

She works patiently to disabuse 
readers of the delusion that 
their favourite pop-sci ideas — 
those lofty products of cerebral 
ingenuity and academic 
brilliance — are immune from 
the prejudices pervading society. 

Prescod-Weinstein’s heritage 
is a mix of Black American, Black 
Caribbean, Eastern European 
Jewish and Jewish American 
histories. She identifies as 
agender, and has a history of 
debilitating health conditions. 
The inequalities she covers 
in her book are issues she has 
dealt with at first hand. 

Some readers may question 
whether, say, there are indeed 
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damaging racist undertones in 
the term “dark matter”, or inthe 
way colour analogies are used 

in quantum chromodynamics, 

a theory sometimes referred to in 
textbooks as “colored physics”. But 
it is hard to dismiss the broader 
issues Prescod-Weinstein argues: 


inequalities around race, gender, 
class, nationality and disability. 
Diversity and inclusivity are 
today’s buzzwords, but she quotes 
Jin Haritaworn and C. Riley 
Snorton in their appraisal of 
trans politics theory, and 
questions whether it is enough 
for the scientific establishment to 
aim to be inclusive if what people 
are included in retains what she 
calls “a strong relationship with 
totalitarian, racialized structures”. 


Despite the obvious conflict 
between her love of physics and 
her outrage at some of the social 
and personal injustices she sees in 
institutions propagating physics, 
the different focuses of the book 
aren't necessarily competing for 
airtime. And Prescod-Weinstein 
often uses physics explanations 
as a springboard or analogy for the 
social issues she wants to discuss. 

Take the description of “non- 
binary” wave-particle duality 
in the double-slit experiment, 
which precedes her dissection 
of attitudes to people identifying 
as non-binary or otherwise. 

“It should be obvious that when 
you refuse to respect someone’s 
pronouns you are making a 
statement about what’s important 
and what is not,’ she writes. “To 
tell students that it is too difficult 
is an egregious, brazen lie.” 

Although there are times when 
discussions of minority politics 
get quite dense, perhaps more 
so than the physics, on the whole, 
the book feels very intimate — 


The Disordered Cosmos 
argues that science 
needs close scrutiny 


Isometimes felt like I was reading 
her diary. This can be a treat, such 
as when she is musing over some 


charming quirk of particle physics: 


“I tend to think of bosons as pep 
squad particles: they are happy to 
share the same quantum energy 
state... Fermions? Not so much.” 
At other times, it gets more 
uncomfortable, as when she 
lays bare episodes of anguished 
introspection, self-doubt and 
emotional fatigue caused by 
traumatising experiences. It is all 
recounted to serve a point, but is 


incredibly personal and confiding. 


So no, her book isn’t a typical 
popular science read and she 
makes some comments that 
may prove unpopular. Beyond 
the already ardently persuaded, 
it will be interesting to see how 
much a broader readership may 
be convinced by the arguments 
she presents. 
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Women winning in science 


A podcast about unique awards for female scientists shows the 
vital progress made, but also the hard path ahead, says Gege Li 


9 


Podcast 


Suffrage Science 

First Create the Media, 
with MRC London Institute 
of Medical Sciences 
Podbean, Spotify and more 


ON 8 March every year, millions 
of people celebrate International 
Women’s Day, a slot in the global 
calendar that is both a unifying 
recognition of the achievements 
of women and an urgent warning 
that gender inequality is still rife. 

Science, of course, is no exception 
to this. Women still make up just 
28 per cent of the STEM workforce, 
while men dominate the highest- 
paying sectors, such as engineering. 
A decade ago, to mark the 100th 
anniversary of International 
Women’s Day and to help address 
these crucial gaps, the Suffrage 
Science awards were born. 

The Suffrage Science podcast, 
hosted weekly by science 
communicator Kat Arney, explains 
the prizes’ origins by shining a 
spotlight on past winners, women 
who have achieved extraordinary 
things in their careers despite facing 
an all-too-familiar bias and a lack 
of opportunities. 

In the first episode, Arney talks to 
the founders of the project: Amanda 
Fisher, director of the MRC London 
Institute of Medical Sciences, and 
Vivienne Parry, a science writer and 
broadcaster. As Arney explains, the 
awards work by selecting the next 
winners based on nominations 
from previous ones, thereby 
helping to grow a global network 
of inspirational female role models. 
The awards, bespoke pieces of 
jewellery that pay homage to 
scientific research and the suffrage 


Award-winner Sally 
Davies, a former chief 
medical officer for England 


movement, are passed on to 
new winners every two years. 

Since 2011, 148 women 
across many scientific disciplines 
and countries have won awards. 
Their impact and reach surprised 
Parry - as she tells Arney, they have 
seen some early nominees become 
fine scientists, heading their own 
departments and creating anew 
cohort of great scientists. 

The episode also features 
women’s rights activist Helen 
Pankhurst, the great-granddaughter 
of Emmeline Pankhurst, who led the 
UK suffragette movement. 

In episode two, Arney talks 
to Sally Davies, the first female 
master of Trinity College, University 
of Cambridge, and former chief 
medical officer for England, who 
won a Suffrage Science award in 
2011. Among Davies's many 
achievements — and the one she 
is most proud of, she tells Arney - 
was putting the global threat of 
antimicrobial resistance firmly 
on the UK's radar. 

Her successes were accompanied 
by the difficulties of simply being 
a woman, as she explains: “I've 


always felt throughout my career 
that I had to be better than the men 
to get the job, not as good as [them].” 
Listening to Fisher and other 
guests, | felt connected to them 
through our shared struggles as 
women and the recognition of 
how deeply gender discrimination 
is etched into every aspect of our 
experience. But underlying this 
solidarity, a tough message 
remains: we haven't made the 
progress in improving prospects 
for women that we like to think 
we have, says Fisher. For example, 
there is much to be done in 
addressing issues faced by women 
from ethnic minority backgrounds. 
The pandemic has widened 
the divide and even reversed 
progress in some cases, with 
women doing by far the majority 
of homeschooling and childcare, 
often putting their own jobs at risk. 
For Helen Pankhurst, there needs to 
be anew narrative. “Fundamentally, 
it’s about saying this isn't good 
enough - this isn't good enough 
for me, for the next generations, 
for those that came before us. 
We can and we must do better.” I 
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Watch 


Zero is the story of shy 
teen Omar, a boy from 
Milan, Italy, who no one 
notices and who feels 
invisible. In this sci-fi 
series, as his inner 
turmoil morphs into real 
invisibility, Omar must 
adapt to his new status. 


On Nettflix from 21 April. 


The New 
Breed 


HOW TO THINK 
ABOUT ROBOTS 


Read 


The New Breed 

of robots are best 
understood as animals, 
says Kate Darling, an 
expert in robot ethics. 
She forecasts that like 
real animals, robots 
will supplement, not 
replace, our own skills 
and abilities. Review 
to come next week. 


Visit 

European Media Art 
Festival is going online 
this year, from 21 April, 
with a programme 

of films, installations, 
performances and 
lectures exploring 
questions about 
ownership and forms 
of possession. 
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Views Culture 


The sci-fi column 


A serious crush As Fugitive Telemetry, the latest instalment in The Murderbot 
Diaries, is published, readers still can’t get enough of the android killing-machine 
that prefers box sets to interacting with humans. What's its secret, asks Sally Adee 


Sally Adee is a technology 
and science writer based 
in London. Follow her on 
Twitter @sally_adee 


G 


Book 


Fugitive Telemetry, 
The Murderbot 
Diaries, volume 6 
Martha Wells 
Tordotcom 


Sally also 
recommends... 


Book 


Autonomous 
Annalee Newitz 
Tor/Forge 

Autonomous is another 
great love story, between 
a military agent and his 
robotic partner in hot 
pursuit ofan anti-patent 


scientist turned drug pirate, 
by New Scientist columnist 
Annalee Newitz. Read their 


latest column on page 22 
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WHO loves Murderbot? We all love 
Murderbot. Many of the books in 
Martha Wells’s series have won (or 
been shortlisted for) Nebula, Hugo, 
Locus and other awards. Writers 
and reviewers are open about 
their feelings for the eponymous 
protagonist. “I love Murderbot!” 
was sci-fi writer Ann Leckie’s take. 
“I might have a little bit ofa thing 
for a robot,’ wrote Jason Kehe, a 
culture critic at Wired. Ihave to 
sheepishly put my hand up as well. 

So why are we fawning over a 
grouchy, ungendered hybrid of 
human neural tissue and 
integrated Al combat weapons? 

Fugitive Telemetry, the latest 
instalment, only deepens the 
devotion. The 176-page novella 
is set between the five novellas 
of the All Systems Red series and 
the novel Network Effect. 

Here we find the titular android 
settling into the uncomfortable 
novelty of working with— notin 
the forced service of- humans. 

It has just defected from the 
Corporation Rim, where it was 
manufactured to kill people and 
protect others, according to the 
priorities of whoever purchased it. 


This is how it lived for years before 
secretly hacking the module that 
controlled it. (Murderbot isn’t 
its official name —it is how the 
security android, or SecUnit, 
wryly refers to itself in private.) 
Having decamped to a faraway 
station whose governing 
principles are decidedly more 
communal and humane, 


“Murderbot is lonely 
because of the gap 
between how people 
see itand how 
it feels inside” 


Murderbot is trying to figure out 
how to relate to and live among 
people when none of them can 
tell it what to do. 

But before it can do much 
introspection, someone turns up 
dead. Thus ensues a great noir-ish, 
Agatha Christie-ish murder 
mystery typical of the series, 
with far less shoot-’em-up than 
the series name suggests, plenty 
of deduction and the navigation 
of awkward relationships. 

Like all the Murderbot books, 


Murderbot must figure 
out how to relate to and 
live among people 


the plot is fast and the dialogue 
punchy, a snappy vehicle to carry 
the bigger narrative arc of 
Murderbot as it emerges from its 
defensive psychological cocoon. 

None of this explains why 
everyone is catching feelings 
for the SecUnit. However, like 
the deeper plot points that join 
it to the previous books, Fugitive 
Telemetry shows the android’s 
tentative, insecure integration 
into a tight-knit group of humans, 
doubting all the while that they 
really like it for who it is inside. 

If this is starting to sound 
familiar, that is because this is a 
basic coming-of-age story. Like all 
sensitive adolescents, Murderbot’s 
grumpy mien is a front to disguise 
its loneliness. It is lonely because 
of the gap between how people see 
it and howit feels inside. 

Another clue to our feelings 
might lie in the inspiration for the 
character. Wells has acknowledged 
that the series was inspired bya 
sci-fi love story called The Silver 
Metal Lover by Tanith Lee. She was 
intrigued, she told tech website 
The Verge, that this human-robot 
romance focused on the bond that 
might develop between a young 
woman anda robot rather than 
the usual “robots take over” fare. 

Ifyou like your robot stories 
to focus on relationships, I have 
another book for you: Marge 
Piercy’s underrated and underread 
He, She and It, which was 
published in 1991and 
immediately disappeared under 
Snow Crash, Neuromancer and the 
rest of the cyberpunk genre. 

It, too, isa story ofa human and 
a robot learning to look at who the 
other really is, not who each was 
built to be. That, I guess, is what a 
good love story is always about. 


New 
Scientist 


” 520 
x20 £19.79 
1000 PIECE JIGSAW PUZZLES 
£9.99 Seenist 


ESSENTIAL GUIDES 


WHA T | 
REALI- 


Pes... l=... 

ESSENT ESSENTIAL 
GUiDE} —— GUIDENs 
i OUR 


H HUMANS § 
STORY =” 


on 
y EVOLUTION 


£1295 coe 1495 


FACE MASKS BOOKS 


CHILLY’S BOTTLE 


Science up your life 


Immerse yourself in our specially curated topic-based Essential Guides, enjoy a mindful 
distraction with our limited-edition jigsaw puzzles, or grab a copy of “How to Spend a Trillion 
Dollars”, anew book by New Scientist podcast editor Rowan Hooper - or maybe just a face 
mask for when you pop to the shops. 

The New Scientist shop has something to suit all tastes. Featuring high-quality 
items at great prices, it’s the perfect place to treat yourself and your loved ones. 


shop.newscientist.com 


worldwide shipping available 


Features Cover story 


The science of 
can and can’t 


A radical way of formulating laws of nature promises 
insights into everything from quantum gravity to 
what makes us tick, says physicist Chiara Marletto 


“ UANTUM supremacy” is a phrase 
that has been in the news a lot lately. 
Several labs worldwide have already 
claimed to have reached this milestone, at 
which computers exploiting the wondrous 
features of the quantum world solve a problem 
faster than a conventional classical computer 
feasibly could. Although we aren’t quite 
there yet, a general-purpose “universal” 
quantum computer seems closer than ever— 
a revolutionary development for how we 
communicate and encrypt data, for virtual 
reality, artificial intelligence and much more. 

These prospects excite me as a theoretical 
physicist too, but my colleagues and Tare 
captivated by an even bigger picture. The 
quantum theory of computation originated 
as a way to deepen our understanding of 
quantum theory, our fundamental theory 
of physical reality. By applying the principles 
we have learned more broadly, we think we 
are beginning to see the outline ofa radical 
new way to construct laws of nature. 

It means abandoning the idea of physics as 
the science of what’s actually happening, and 
embracing it as the science of what might or 
might not happen. This “science of can and 
can’t” could help us tackle some of the big 
questions that conventional physics has tried 
and failed to get to grips with, from delivering 
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an exact, unifying theory of thermodynamics 
and information to getting round conceptual 
barriers that stop us merging quantum theory 
with general relativity, Einstein’s theory of 
gravity. It might go even further and help 
us to understand how intelligent thought 
works, and kick-start a technological 
revolution that would make quantum 
supremacy look modest by comparison. 

Since the dawn of modern physics in Galileo 
Galilei and Isaac Newton’s times, physics has 
progressed using broadly the same approach. 
At its core are exact laws of motion: equations 
that describe how a system evolves in space 
and time from a given set of initial conditions. 
Think Newton’s laws of motion describing 
billiard balls ona table, or his universal law 
of gravitation explaining how apples fall to 
the ground and Earth moves around the sun. 

The word “exact” is important here. If 
you were to buy a device such as a washing 
machine, a manual stating how to use it 
approximately, plus or minus some error, 
would be pretty useless. Physical laws are our 
tentative manual to the universe, and the best 
laws are exact ones, too: they are easier to test 
and discard when they clash with evidence. 

At least initially, quantum theory changed 
nothing about this traditional approach. 
At the heart of the theory when it was first 
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“Physical laws 
are our manual 
to the universe, 
and the best 
laws are exact” 


formulated in the 1920s is an exact equation 
of motion, the Schrodinger equation, which 
determines how quantum systems evolve. The 
big difference from the classical world is that 
this equation tells us that quantum objects 
obey Heisenberg’s uncertainty principle. This 
states that certain quantum properties are 
incompatible, meaning they can’t be measured 
simultaneously to arbitrarily high accuracy: 

if you have one property perfectly focused, 
you must lose sight of the other. Position and 
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velocity are one such pair, so if you have an 
electron’s position, say, perfectly in focus, it 
must be in a quantum “superposition” ofall its 
possible velocities. The values ofan electron’s 
quantum-mechanical spin along two different 
axes are another incompatible pair. 

Examining the nature of the uncertainty 
principle back in the 1980s led quantum 
computing pioneer David Deutsch to a radical 
insight. The best way to think about an electron 
in acertain spin state, forexample, is asa 


“qubit” — an entity that can instantiate one bit 
of information in multiple ways that can’t all 
be sharp, or in focus, at the same time. What’s 
important about this qubit — the essence of its 
quantumness — isn’t the trajectories it follows 
in space and time, but the transformations you 
can and can’t perform on it. For instance, you 
can’t copy all the information reliably from 

a single qubit, but all that information about 
its incompatible properties exists, and can 

be used to perform quantum computations. 


Actual to counterfactual 


These rules of “can” and “can’t” surrounding 
qubits and their incompatible variables make 
them much more powerful than classical 
bits, and underlie the promise of quantum 
computers and quantum supremacy. More 
fundamentally, however, they tell us that, 
rather than always focusing on what happens 
(the actual), you can lay the foundations of 

a physical theory on what could or couldn’t 
be (the counterfactual), and explain the actual 
in terms of the counterfactual. 

Now comes the daring leap: what ifthese 
“can and can’t” properties were key to the 
whole of physics? Instead of starting from 
initial conditions and exact dynamical laws, 
you might express physics in terms of laws 
of possible and impossible transformations, 
and derive other laws of motion from these. 

This counterfactual approach isn’t an 
entirely new mode of thinking in physics. 

The first and second laws of thermodynamics, 
as conceived in the 19th century, set powerful 
counterfactual constraints. You can, for 
example, construct a “heat engine” that 
converts heat to useful work, but you can’t 
convert heat completely into useful work, 

or create energy out of nothing. 

Thermodynamics is a formidable tool: 
its principles allow us to make predictions 
about systems with large numbers of particles, 
for instance, whose dynamical laws are 
intractable. Generalising this logic, the science 
of can and can’t allows us to formulate new 
principles and improve on existing ones 
(see “A new thermodynamics”, page 36) — 
and, perhaps surprisingly, express more 
phenomena in terms of exact physical laws. 

Information is a crucial example. What 
physical property makes acomputer bit 
capable of containing information? Not that 
itis inaparticular state,Oor1,butthatyou » 
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THERMODYNAMICS 


Thermodynamics is all about things 
you can and can’t do. One consequence 
of the second law of thermodynamics, for 
instance, is that when heat is generated, 
say through friction on a flywheel, you 
can’t reverse the energy transfer and 
convert the heat back entirely into useful 
work, say to drive a piston. This seems to 
clash with the reversible laws governing 
the microscopic particles of the flywheel 
and piston, which say that if a forward 
motion is allowed, so is its reverse. 
The standard way of explaining 
away this contradiction is to say that 
thermodynamic laws are “emergent” 
approximations of what is going on at 
microscopic scales. They are valid only 
in a statistical sense for large numbers 
of particles: the reversible, microscopic 
laws of motion are the fundamental laws. 
One consequence is that the laws 
of thermodynamics as they stand are 
insufficient to build engines made of just 
a few particles, a stumbling block on the 
way to developing nanomachines. These 
could have a plethora of applications, from 
repairing cells in our bodies to removing 
harmful chemicals from the atmosphere. 


CYCLING BACKWARDS 


The “science of can and can’t” approach 
that my colleagues and | are developing 
(see main story) takes a different path. It 
says that a thermodynamic transformation 
is possible when it can be brought about 
on asystem to an arbitrarily high accuracy, 
with an arbitrarily small error, by an entity 
that operates in a cycle, reliably. 

So, for example, a mechanical stirrer can 
increase the temperature of an otherwise 
isolated mass of water by increasing the 
kinetic energy of its molecules. But here, 
reversing the trajectory doesn’t perform 
the inverse operation of cooling the water: 
that requires a refrigerator, a cyclic 
machine that goes far beyond just the 
stirrer’s atoms running backwards. 

So being able to transform something 
doesn't always mean that its reverse 
transformation is possible - and 
irreversibility formulated in terms of 
possibility and impossibility doesn’t clash 
with time-reversal-symmetric laws. In 
the science of can and can't, it is possible 
to formulate an upgraded second law of 
thermodynamics that is valid, exactly, at 
all scales, and regardless of the dynamical 
laws the particles are following. 
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can, once it has been set to 0, set it to 1, 

and vice versa-—and also that you can copy 
its value to another physical system, ifit 

too is made of bits. These properties are 
counterfactuals that the traditional physical 
approach of explaining everything with 
dynamical laws struggles to handle. 

The science of can and can’t allows us to 
express exact physical laws capturing the 
regularities that allow bits to exist in the 
universe. What’s more, these laws explain 
classical bits —the state ofa traffic light ora 
neuron in the brain —just as well as qubits. 

You don’t need to worry about underlying laws 
of motion, whether quantum or classical or 
anything else. Far from being irreconcilable, 
quantum and classical information are unified 
by general overarching principles about how 
you can and can’t manipulate it. 

That bodes well for making progress 
on merging quantum theory and general 
relativity. Notoriously, these theories, our 
best current guides to the universe, are 
fundamentally incompatible. While quantum 
theory requires masses to display Heisenberg 
uncertainty, general relativity doesn’t allow 
it. In terms of information theory, gravity is 
fundamentally a classical entity — one that 
can support only bits, not qubits. 

To unify the theories, we need to treat 
quantum and classical information on the 
same footing — and the science of can and can’t 
does just that. My colleague Vlatko Vedral and 
Ihave already done preliminary work using 
its principles to constrain existing and future 
proposals for quantum gravity. They can also 
be used to make predictions in contexts where 
both theories matter, but neither fully applies, 
suchas in the interior of black holes or in the 
first moment of the big bang. 

The potential advantages don’t stop 
there, however. Can/can’t rules about the 
manipulation of information don’t depend 
on the existence of subjective beings to 
observe what is happening. They can therefore 
give us an objective handle on other properties 
based on information that, in the traditional 
approach, seem only subjectively defined 
and thus out of the reach of physics. 

The most interesting property ofthis type 


“The ‘universal 
constructor’ is 
an all-powerful 
3D printer that 
can be used to 
make anything 
possible” 


Quantum 
computers 
could inspire 
new theories 
of physics 


is knowledge: the kind of resilient information 
brought about by evolution and created in 

our brains when we think. In the can and can’t 
picture, knowledge is described not in terms 
of subjective features of knowing about things, 
but simply as information that can enable its 
own survival. On this basis, we can attempt 

to formulate exact physical laws about how 
knowledge is created, or whether it is finite 

or unbounded - questions that are beyond 
traditional physics. 

Being capable of producing knowledge is a 
characteristic trait of conscious entities, so an 
exact theory of knowledge, fully rooted within 
physics, would be an essential stepping stone 
towards a theory of consciousness or general 
artificial intelligence. It might give us new tools 


to look for alien life too. At present, we are 
limited to searching for life elsewhere in the 
cosmos by looking for its chemical signatures, 
even though we have no guarantee it is based 
on the same chemistry as the life we do know. 
A physical theory of knowledge is likely to 


provide more generally applicable predictions. 


But is it true? 


As yet, these ideas are all theoretical, but 
there are promising avenues to test them. 
One concerns the phenomenon known as 
entanglement, a type of correlation between 
different particles or qubits that is stronger 
than any classical correlation between the 
properties of two objects. Vedral and I have 
shown that the science of can and can’t 
predicts what transformations are possible 
for two qubits interacting with another object 
that may or may not obey quantum theory, 
such as a macroscopic biomolecule, or even 
gravity. As a result, we can test for the presence 
of elusive quantum effects inan unknown 
system by setting up an experiment in which 
this “mystery” object is the only channel of 
interaction between the two qubits. Ifthe 
mystery object can entangle the qubits, 

then we can conclude that it must have 

some quantum features, in a way that is 
independent of the laws of motion governing 
the unknown system. 

Several groups are nowtrying to test this 
experimentally, having the qubits be two 
quantum masses and the unknown system be 
gravity. Ifentanglement were to be observed, 
it would be the first empirical refutation of 
classical theories of gravity, including general 
relativity, as well as the first test of the 
principles of the science of can and can’t. 

That is an exciting prospect, even if making 
such experiments work is challenging and 

e probably still a few years away yet. But let’s 


= circle back to where we started, with the idea of 
S the technological breakthroughs we anticipate 


: on the back ofa universal quantum computer. 
g In the 1940s, mathematician John von 

2 Neumann pointed out that the universal 
computer, one capable of all physically 

= permitted computations, isn’t the most 


universal machine that can be programmed. 
He conceived the “universal constructor”, 

a machine that can perform all physically 
possible transformations — essentially an all- 
powerful 3D printer that, provided with the 
requisite knowledge, can be programmed to 
produce anything that is physically possible. 

Von Neumann never managed to develop 
a physical basis for his universal constructor, 
let alone engineer one. The science of can 
and can’t, when fully developed, is the best 
candidate for the theory that underlies the 
universal constructor. That is why the 
collection of research projects aiming to 
implement the science of can and can’t is 
called the Constructor Theory Programme. 
Originally proposed by David Deutsch, it 
is now being pursued by my group at the 
University of Oxford, and our collaborators 
at the Centre for Quantum Technologies in 
Singapore, and the Institute for Scientific 
Interchange and Italian National Metrology 
Institute, both in Turin. 

Our hope is that constructor theory will 
be critical for the technological revolution 
after quantum computation, just as 
thermodynamics helped spur the original 
industrial revolution, or Alan Turing’s ideas 
about universal computation informed 
the information-technology revolution. 

Will it be? The honest answer is that it is 
too soon to tell. Science is tentative: the faster 
we make errors, the more chances we have to 
make progress. Physics is full of open problems 
that are too often swept under the carpet. 

Far from being undesirable, they are rich 
opportunities to find the next breakthrough. 
There is no guarantee that the science of can 
and can’t will succeed, but it will teach us a 
lot of new physics by solving some of those 
problems. It already has. There’s a saying that 
“the best way to predict the future is to invent 
it”. The science of can and can’t is one of our 
most promising bets to invent the future. Bf 


Chiara Marletto is a physicist at 
the University of Oxford. Her book, 
The Science of Can and Can't, 

is published next month 
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Features 


How to Keep 
your brain 


blooming 


Little things you do every day can help ensure 
your brain is fit and healthy — and it’s never too 
late to start, says ageing expert James Goodwin 


NE sultry afternoon in 1862 in Luxor in 
O: gypt, Edwin Smith was haggling with 

an antiquities dealer for an unknown 
papyrus. Though he suspected its importance, 
Smith couldn’t know it would turn out to be 
not just the earliest known medical text, at over 
4000 years old, but the first ever documented 
mention of the brain. And what did it say 
about the most complex entity in the known 
universe? That it was “cranial offal”, to be 
unceremoniously trashed during embalming. 

We have learned rather alot about the brain 
since then. Even so, it is only in the past 25 years 
that learning how best to look after the stuff 
upstairs has become a major priority for 
researchers. It is easy to be resigned to the 
idea that as we get older, our brains wind down, 
memories decline and reactions slow. But a 
wealth of new research shows that it is never 
too late to improve our brain health—a concept 
that goes way beyond the absence of disease. 

A long view of how, across some 2 million 
years, evolution has shaped the function of 
our brains is revealing new and unexpected 
ways to keep them healthy for longer. 

In 2018, an international group of specialists 
forming the Global Council on Brain Health 
identified a surprisingly simple test to assess 
whether your brain is in good shape: whether 
you function well in daily life. This may even 
sound overly simplistic, but the group, for 
which Iam a special adviser, found that the 
brain requires three vital functions to work 
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together seamlessly: executive function, or our 
ability to think and reason; social cognition, 
which enables us to interact successfully with 
others; and emotion regulation, through 
which we generate our sense of well-being. 

Itis hard to overstate just how much the 
lifestyle choices we make matter in keeping 
these functions working well, both singly 
and together. A landmark study published in 
Nature in 2012 indicated that three-quarters 
of change in cognitive ability across our 
lives —as measured by evaluations of general 
intelligence —is determined by lifestyle factors 
and only 25 per cent by DNA. As our brains 
age, a range of physical processes take place, 
including shrinkage of regions associated 
with memory, perception, learning and 
attention. We now know that these processes 
begin to ramp up in our 20s and 30s, but 
there is some evidence that the underlying 
mechanisms of ageing start in the brain even 
in our earliest years. 

The good news is, just as it is never too 
early to adopt habits that help slow- or even 
reverse — ageing, it is never too late either. A 
2019 study, for instance, found that the adult 
human brain can produce new neurons until 
we are into our 90s. However, there is no silver 
bullet, no quick-fix brain game or easy diet to 
boost brain health. It is the cumulative effect of 
the little things we do every day that makes the 
difference. So, what are these little things? And 
which are the most important? 


BEN GILES 
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Go with your gut 


The mismatch between the rapid changes that 
have shaped modern lifestyles and the slow, 
cumulative influence of evolution is perhaps 
best seen in our emerging understanding of 
the microbes in our gut. The 2019 discovery of 
6000-year-old fossilised spittle in Denmark 
showed that, over time, we have lost millions 
of friendly bacterial species from our digestive 
systems. In recent years, countless studies have 
drawn connections between our gut bacteria 
and anxiety, depression, mood and even our 
thinking and behaviour. Now we are beginning 
to understand what forges these connections. 
Consider, for instance, that some 90 per cent 
of serotonin, a mood stabiliser, is produced in 
the gut and less than 10 per cent in the brain. 
Moreover, our gut bacteria are now firm 
suspects in many illnesses, including 

ALS, Alzheimer’s and Parkinson’s disease. 

For good brain health, we have to look after 
the contents of our colon. 

That takes time. After birth, it takes three 
years to produce a stable community of gut 
microbes, and this involves ingesting a wide 
range of bacteria. Once your microflora is 
stabilised, interference with this hard-won 
balance can affect gut biochemistry. Based 
on analysis of more than 1000 human stool 
samples and detailed clinical questionnaires, 
one recent study identified 69 lifestyle factors 
that harm our microbiome. They include 
high BMI, lack of exercise, erratic eating 
habits, stress, dehydration, poor dental 
hygiene, jet lag and constantly changing 
intimate relationships. 

What does the gut care about your love life? 
It turns out that a 10-second kiss can transfer 
as many as 80 million bacteria—some of 
which are likely to trigger an immune response 
such as damaging inflammation. In settled 
relationships, partners develop an equilibrium 
of gut bacteria over time. 

To promote stable gut health, it also helps 
to feed your friendly bacteria by eating a wide 
array of plant-based foods. In the past decade 
or so, there has been a surge in research about 
potential ways of replenishing healthy gut 
bacteria—such as through faecal transplants 
or even “poop pills” — with the aim of treating 
conditions ranging from irritable bowel 
syndrome and obesity to autoimmune 
disorders. Most recently, researchers have 
started looking into how we might do this to 
improve brain health, by using our gut bacteria 
to help boost production of crucial hormones 
or neurotransmitters. > 
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Watch what you eat 


Modern life, which can involve long working 
hours, high levels of stress and hundreds 
of distractions, often means that we are 
constantly eating and snacking. But our brains 
evolved at a time when food was periodically 
scarce. For hunters back then, the shift from 
our bodies burning sugar in the form of 
glucose to burning energy released from 
our fat cells, known as ketosis, was inevitable. 
Today, most of us never reach this stage, unless 
we deliberately fast or adopt a low-carb diet. 

This metabolic switching could play a key 
role in helping to create new brain cells, or 
neurogenesis. Animal studies have showna 
clear relationship between intermittent fasting 
and levels of brain-derived neurotrophic factor, 
a protein critical to neurogenesis, particularly 
in the hippocampus and other centres of 
learning and memory. Many researchers are 
now studying whether intermittent fasting 
can help slow the pace of ageing. 

What we consume matters too (see “Go 
with your gut”, page 39). Today, 75 per cent 
of the world’s food is produced from only 
12 plant and five animal species. This woefully 
homogeneous diet is in contrast to the wide 
array of nutrients we relied on throughout 
most of our evolution. In Western countries 
in particular, there’s no better example than 
our consumption of omega fatty acids. In our 
hunter-gatherer food, the ratio of omega-6 to 
omega-3 fats was about 1:1. The ratio is now 
20:1, largely because of processed foods that 
contain vegetable oil. That’s a problem because 
some omega-6 fatty acids may promote excess 
inflammation, which can limit the creation 
of new brain cells and accelerate the death of 
existing ones. By contrast, many long-term 
studies show that omega-3 protects the brain. 
The interplay of the two is now being studied, 
but for brain health a good ratio to aim for 
seems to be 1:4 omega-6 to omega-3, which can 
be achieved by consuming a wide variety of 
oily fish, or foods like spinach or flax seeds. 

Many other nutrients are important to brain 
health, but vitamin D is essential. Receptors for 
the vitamin are found widely in the brain and 
low levels of it are associated with poor mental 
performance and cognitive decline. To get 
enough vitamin D, we can try “sunbathing 


40 | New Scientist |17 April 2021 


the brain”. But for most populations living 
above latitude 35 degrees north or below 

35 degrees south —- which includes all of the UK, 
most of New Zealand and North America from 
around Washington DC upwards - it is virtually 
impossible to generate enough via sunlight. 
Unfortunately, there’s no conclusive evidence 
that vitamin D supplements slow cognitive 
decline. The best dietary sources are fatty fish, 
eggs, butter, liver and fortified cereals. 

A rule of thumb is that combining a greater 
variety of food and nutrient types is the best 
way to avoid deficiencies. That means opting 
for a mostly plant-based diet, as well as healthy 
fats, some dairy and a little fish and red meat, 
especially if you are over the age of 65. 


Exercise can boost a 
protein involved in 
brain cell growth 


Chew it over 


Nearly two dozen studies worldwide 
point to an association between regular 
gum chewing and improvements in 
thinking and memory. The precise 
mechanisms aren’t fully understood, but 
one possible explanation is that chewing 
can increase blood flow, which in turn 
improves oxygen levels in the brain - 
and gum chewers benefit because they 
simply chew more. 

Gum chewing may also exercise the 
part of the brain that controls voluntary 
muscle movement. One study out last 
year found that grey matter volume in 
this area is better developed in people 
with better “masticatory performance”. 
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Get moving 


Ifthere was a silver bullet to keep our brains 
young, it would be exercise — it slows down 
age-related changes and even reverses them. 
If we look at the five areas in the world 
identified as having the most centenarians, 
physical activity is a way of life. In Ikaria, 
Greece, Loma Linda, California, Nicoya, Costa 
Rica, Okinawa, Japan and Sardinia, Italy, 
dementia and cognitive decline are 75 per cent 
less frequent than throughout most of the 
Western world. The overwhelming evidence is 
that aerobic exercise has beneficial effects on 
the brain, including improved mood and 
thinking skills. Like intermittent fasting, 
exercise reduces inflammation, which can 
inhibit the growth of new brain cells. Exercise 
actually increases neurogenesis via the release 
of the critical protein mentioned earlier, brain- 
derived neurotrophic factor (BDNF). 

So how much exercise should we do-and 
what kind? To raise your BDNF levels, you need 
at least 30 minutes of daily exercise, things like 
brisk walking or cycling. If you really want to 
max out your BDNF, you must push that up 
to vigorous exercise, things like jogging or 
high-intensity workouts. 

However, the sobering news is that even 
if we exercise daily, prolonged sedentary 
behaviour may wipe out the benefits. As 
many as 13 per cent of Alzheimer’s disease 
cases globally are the result of inactivity. So the 
advice is simple: avoid sitting or adopt amore 
active sitting position and stand wherever and 
whenever possible. At the very least, get up out 
of your chair for 10 minutes in every hour. 
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Keep in touch 


We are supremely social animals. It’s no 
wonder the past year of lockdowns and social 
distancing has been so difficult. And the 
research couldn’t be clearer. Both social 
isolation and loneliness are devastating to our 
health. People who are lonely are 50 per cent 
more at risk of dying prematurely than those 
who aren't. Ina vicious cycle, loneliness both 


Picking up a 
challenging new 
skill can reduce risk 
of cognitive decline 


triggers negative health and social behaviours 
and is also a consequence of them. Loneliness 
and isolation increase the risk for systemic 
inflammation, high blood pressure, diabetes, 
obesity, heart disease, heart attack and stroke, 
which all affect the brain either directly or 
through knock-on effects of blood vessel 
damage or reduced blood flow, for instance. 

But the good news is, the opposite is also 
true. A wealth of research has shown that 
social contact decreases risk for this broad 
range of conditions, and that it can directly 
benefit the brain by improving memory 
formation and recall, and protecting against 
neurodegenerative diseases. It has also been 
shown that social engagement helps to 
maintain thinking skills throughout life, 
possibly by altering stress responses which 
lead to changes in gene expression. 

Even alittle social connection goes 
a long way. Passing interactions with 
shopkeepers, neighbours or fellow travellers 
can alleviate loneliness. Joining activities 
that generate a sense of belonging are also 
especially beneficial. 


Sex on the brain 


What we know about sex and the brain 
is, in scientific terms, in its infancy. 

But it is dynamite. In animal studies, 
rewarding sexual encounters have 
been found to stimulate neurogenesis 
in the hippocampus, a centre for 
learning and memory. Moreover, in 
older rats, sexual activity rejuvenates 
the brain, elevating neurogenesis to 
levels seen in younger rats. 

But what of humans? Not only will 
lifelong, regular, rewarding sexual 
activity improve feelings of well-being, 
but habitual sexual activity, especially 
with an emotionally close partner, 
confers benefits in high-level thinking 
skills, including memory and recall, 
mathematical performance, spatial 
awareness and verbal fluency. 
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Learn a new skill 


Brain-teasers, crosswords and computer games 
engage cognitive skills, including processing 
speed, working memory and reasoning. But 
the resulting benefits don’t seem to influence 
everyday mental abilities, slow down cognitive 
decline or reduce the risk of dementia. 

But that doesn’t mean there aren’t things we 
can do to help keep our minds sharp. There is 
clear evidence that engaging in activities that 
psychologists call “cognitively stimulating” — 
meaning they require concentration and 
repeated practice -do make a difference to 
our brain health. 

The benefits of dancing and learning anew 
language have been particularly well studied, 
but a wide range of activities have shown 
gains, including learning to play a musical 
instrument or anew card game, or mastering 
complex new mental and physical skills, like 
tai chi or juggling. One recent study of 
174 people between the ages of 60 and 79 
compared people who pursued activities such 
as dance, walking or light toning exercise over 
six months. Only the dancers saw structural 
improvement ina brain region involved 
in transmitting signals to and from the 
hippocampus - the brain’s memory hub. 

Again, there’s evidence that activities that 
require us to learn something novel stimulate 
the growth of new brain cells, prevent neuronal 
cell death and improve neuroplasticity, 
the brain’s ability to adapt and forge new 
connections. All of this helps to reduce the 
risk of cognitive decline and dementia. > 
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Stay in rhythm 


Our bodies are a humming jumble of rhythms, 
the control of which has been embedded in the 
brain over millions of years. Body temperature, 
blood pressure, metabolism and more all ebb 
and flow according to age-old patterns. 

But these days, those rhythms are being 
disrupted and the consequences for our 

health can be profound. 

There is no more intractable health problem 
in modern life than sleeplessness. Insomnia, 
difficulty sleeping and sleep disorders are 
widespread. According to the US Centers for 
Disease Control and Prevention, at least 
one-third of people in the US get less than the 
recommended 7 hours of sleep each night. 
This chronic lack of sleep not only harms 
our general health, it also adversely affects 
learning, memory, attention, decision-making 
and mood. It is even a risk factor for dementia 
and cognitive decline. 

Despite what you might have heard, it 
simply isn’t true that we need less sleep as we 
get older. That myth is born of the fact that, 
due to shifting circadian rhythms and other 
factors, as we get older, it gets harder to fall 
asleep. We also become lighter sleepers and get 
less sleep ina single session. That’s a problem 
because people over 60 still require 7 to 9 
hours of sleep in a 24-hour period - though 
some of this can be met by napping. 

There are many things we can do to help us 
sleep better, but in essence they amount to 
trying to keep a routine bedtime, avoiding 
caffeine late in the day and practising good 
sleep hygiene - sleeping in a dark, quiet room. 
If we don’t, disruptive patterns — such as jet lag, 
constantly varying bedtimes, late-night work 
and irregular habits of all kinds — will conspire 
to blunt the brain across a lifetime. It has been 
demonstrated time and again that people 
who routinely break their circadian rhythms 
are at raised risk for neurodegenerative and 
psychiatric disorders. Recent studies suggest 
this is because it throws our body’s many 
clocks out of sync, undermines the production 
of critical neurotransmitters and can even 
affect the way our brain cells process energy. 

The odd eccentricity won’t do any 
permanent damage to your brain 
performance. But constant abuse will. 
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As we age, getting 
7 hours of sleep in 
one stretch gets 
harder. Naps can 
help fill the gaps 
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Do what makes 
you happy 


Ranked equally with life and liberty, the 
pursuit of happiness has driven great thinkers 
for centuries. But it’s more than philosophy. 
There’s now real evidence that emotional well- 
being is critical to our brain health. Many of the 
tens of thousands of decisions we make each 
day are about seeking positive experiences and 
avoiding negative ones—a constant search for 
that feeling of well-being. 

But how do we attain this magical state? 
The evidence shows that maintaining social 
relationships, staying active and having a sense 
of purpose in life all contribute to mental 
well-being. It has been found to reduce 
inflammation and biological markers of stress, 
and both improves cognitive function and 
reduces cognitive decline in later life. Finding a 
sense of purpose if you are struggling can bea 
challenge, but there are certainly steps you can 
take. The Global Council on Brain Health 
recommends we develop personal and work- 
related goals to cultivate a sense of purpose. 
This can be looking after friends or family, 
having an absorbing and demanding hobby 


or pastime, or striving for career goals. 

There are other ways we can improve our 
sense of well-being too. It has also been shown 
that people who are better able to control 
negative thoughts and embrace positive 
thinking tend to have improved executive 
function, general brain health and longevity. 

One of the keys to achieving this balance 
is managing stress. Many stress-reducing 
activities benefit brain health, including 
yoga, meditation, tai chi, art, music and the 
moderate consumption of alcohol. The 
message is that in seeking and achieving 
well-being, we have a huge amount of control 
over how we order our lives to make them 
more enjoyable, less stressful and more 
productive. In doing so, not only will we 
feel better, we will think better too. I 


James Goodwin is director of science 
and research impact at the Brain 
Health Network. His new book is 
Supercharge Your Brain 
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Submerged 
secrets 


The coasts walked by ancient 
humans were drowned by 
rising seas. Now we are starting 
to explore them, reports 
Colin Barras 


EAUTIFUL corals, graceful sea turtles 
B:« 4-metre-long tiger sharks. It is 

easy to see why tourists flock to the 
Dampier Archipelago in north-west Australia 
to dive among the thrilling — if occasionally 
intimidating — marine life. But these seas 
contain something that isn’t advertised by 
tour guides. When Chelsea Wiseman and 
her colleagues went diving here in 2019, they 
found stone tools on the seabed. The artefacts 
were last touched by human hands at least 
7000 years ago, before the sea rose, the land 
drowned and the sharks moved in. 

“We were ecstatic, just blown away, to find 

the tools,” says Wiseman, an archaeologist at 
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Flinders University in Adelaide, Australia. And 
with good reason. During the early millennia 
of human evolution, sea levels were mostly 
much lower than they are today, with huge 
areas of what is now submerged coastal shelf 
inhabited by our ancient relatives. What they 
were up to in these Stone Age coastal areas has 
long been a mystery because studying these 
underwater sites is so hard. 

With the archaeology of our coastal waters 
largely unexplored, we are missing a huge 
piece of human history. Now, however, that 
is changing. Underwater archaeology like 
that carried out by Wiseman and her team 
is already showing us how people lived and 


thrived along Stone Age coasts. It even suggests 
that, as the seas rose, people took action to 
hold them back, in a poignant foreshadowing 
of today. And as the coasts were a crucial route 
for Stone Age travellers, studying them is 
changing our understanding of how and when 
humans began spreading around the world. 
Underwater archaeology began in the 
19th century. For decades, it mostly involved 
investigating shipwrecks, and we tended to 
learn about ancient maritime life. For instance, 
we found that civilisations that existed around 
the edges of the Mediterranean Sea 3500 years 
ago often shipped metals in the right ratios to 
be smelted into strong alloys like bronze. This 


focus on wrecks was understandable, says 
Jonathan Benjamin at Flinders University, 
who led the work at the Dampier Archipelago 
as part ofa project called the Deep History of 
Sea Country. Shipwrecks are often easy to find. 
“Tcall them the castles of the sea,” he says. 

He is part of a small band of underwater 


archaeologists who are raising their ambitions. 


To them, the seabed isn’t an inconsequential 
backdrop on which wrecks fester. It is a vast 
and complex drowned landscape, scattered 
with the remnants of ancient human lives. 
Since the ice sheets were at their peak about 
20,000 years ago, rising seas have drowned 

at least 20 million square kilometres of coastal 


territory around the world —an area almost as 
large as the North American continent. Some 
even think of it as a lost, fragmented continent. 
They call it Aquaterra. 

Surprisingly, the artefacts on this drowned 
terrain can be better preserved than those 
on dry land because the seabed has seen 
less of the industrial development that can 
damage archaeological sites. The trouble is 
that accessing those artefacts has long been 
seen as close to impossible. Looked at another 
way, the huge expanse of seabed isn’t thrilling, 
itis daunting. Where do you start? And how do 
you carry out the careful work of archaeology 
while wearing a cumbersome diving suitand > 


Divers explore 
a submerged 
coastal cave 
in Mexico 
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“Some think 
of our drowned 
coasts as a lost, 
fragmented 
continent. 
They call it 
Aquaterra” 
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“It’s amazing to 
swim along an 
area and think: 
‘millennia ago, 
this was dry land 
where people 
were living’” 


flippers, in water that can be nearly opaque 
with clouds of silt? “The argument is that it’s 
too difficult to do underwater archaeology if 
what you re looking for is small bone and stone 
tools,” says Benjamin. “But it’s not impossible.” 
Take Doggerland. This once-fertile area of 
marshes and rivers now lies beneath the North 
Sea between Great Britain and continental 
Europe. Over the years, ancient stone artefacts 
have been recovered in dribs and drabs from 
the region, either by fishing vessels or amid the 
gravel routinely dredged up for use as aggregate. 


Graves, caves and island homes 


Underwater archaeology doesn’t just happen in the sea. 
Some incredible inland sites are only accessible to those 


intrepid enough to don a diving suit 


NASTASEN’S PYRAMID 
The ancient rulers of Kush, in what 
is now Sudan, built pyramids similar 


to those of their Egyptian neighbours. 


The 2300-year-old tomb beneath 
the pyramid of one Kushite royal 
called Nastasen now lies beneath 
the water table. 

In 2019, Pearce Paul Creasman, 
director of the Nuri Archaeological 
Expedition, dived in to explore. 

His team has identified a rocky slab 
that may be covering Nastasen’s 
burial place within the tomb. When 
the covid-19 pandemic improves 
and work resumes, the team plans 
to find out what is beneath it. 


CAVE OF SKULLS 

The earliest evidence of human 
occupation in the American 
neotropics lies in the underwater 


caves of Mexico's Yucatan peninsula. 


Archaeologists have found several 
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nearly complete human 
skeletons there, some dating 
to 13,700 years ago. 

A 2020 analysis showed 
subtle variety in the shape of four 
of the skulls, a finding that hints 
early Americans may have included 
people from several distinct genetic 
populations. It is another clue to the 
still mysterious way in which this 
region was first peopled. 


ARTIFICIAL ISLANDS 

Scotland's ancient inhabitants built 
and lived on “crannogs", artificial 
islands in lakes and estuaries. A 2019 
study confirmed they began doing 
so millennia earlier than we had 
thought. Divers recovered Neolithic 
pottery from waters around several 
crannogs on the Isle of Lewis in the 
Outer Hebrides. Charred residues 
inside the pots were carbon-dated 
to about 5500 years ago. 


Louise Tizzard at Wessex Archaeology, a 
research company in the UK, decided to follow 
up on one such isolated find consisting of 
33 hand axes and some woolly mammoth and 
bison remains. Her team traced where the find 
had been dredged up to a site known as Area 
240, some 11 kilometres off the east coast of 
England, where the water can be 35 metres 
deep. Scuba diving can be dangerous below 
about 30 metres, so the researchers scooped up 
more gravel using a dredger and then picked 
through it meticulously. In 2014, they revealed 
that they had found more flint artefacts at the 
site, all dated to around 200,000 years ago. 

This is expensive work. Hiring a boat can 
cost £40,000 a day on its own. Fortunately, 
companies that wish to develop in UK waters 
are required to undertake a full environmental 
assessment that includes consideration of 
underwater archaeology. With plenty of 
offshore wind turbines going up, more of this 
work is being done every year. “It’s opened up 
alot more of the seabed than we’ve ever been 
able to look at before,” says Tizzard. 

Even so, sites like Area 240 are rare. 

We are along way from being able to read 

the sea floor deftly enough to easily identify 
probable sites of similar significance. “People 
talk about the difficulty of finding a needle in 
a haystack,” says Geoff Bailey at the University 
of York, UK, who has written extensively about 
Europe’s drowned landscapes. “Finding a 
needle in a haystack is actually quite easy: 

you just need a metal detector. The problem 

is finding the haystacks.” 


Hug the coast 


For many archaeologists, the solution is to 
ignore the extraordinary deeper-water sites 
for now and instead hug the coast. Sites that are 
about 10 metres deep or less can be dived on by 
anyone with a little scuba training. Floating 
above these places is a powerful experience, 
says Wiseman. “It’s amazing to swim along an 
area and think: ‘several millennia ago, this was 
dry land where people would have been living.” 
The discoveries she helped make in Dampier 
Archipelago are already enriching the local 
archaeological record, which — judging by rock 


a 
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art on land nearby featuring what appear to be 
extinct animals like the wolf-like thylacine- 
may stretch back more than 20,000 years. 
Perhaps most interestingly, a statistical 
analysis shows that the drowned stone tools, 
which include hammerstones and blade-like 
“flakes” are, on average, larger than those found 
nearby on dry land. Given this distinction, it is 
possible that the underwater archaeologists 
have found evidence ofa previously unknown 
tool-making tradition in the area that was 
practised before the sea level rose. 

“We always knew ofthe sites and expected 
them to eventually be found,” says Peter Jeffries, 
CEO of the Murujuga Aboriginal Corporation, 
anon-profit made up of the traditional 
owners of the land that incorporates Dampier 
Archipelago. The discoveries “confirm the truth 
and value in our Dreamtime stories”, he says. 

As Jeffries’s comments show, this kind of 
archaeology can mean a great deal to local 
communities. In the research community, 
however, both Bailey and Benjamin say there 
are those who think this sort of work simply 
costs too much. “They might say: you spend 
millions of dollars and ultimately you find 
a scatter of stone artefacts,” says Benjamin. 

But attitudes are changing, not least because 
there is a growing appreciation of just how 
important the world’s coasts have been to 
human history. At coastal caves in South Africa, 
investigations over the past two decades have 
revealed that people were eating seafood by 
100,000 years ago. Around the same time, 
these people began producing elaborate art 
and jewellery that hints they were cognitively 


“Coasts are 
widely seen 
as important 
migration 
corridors that 
early humans 
used to spread” 


Ahand axe recovered 
from once-inhabited 
land that is now beneath 
the North Sea 
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For decades, underwater 
archaeology has mainly 
focused on easy targets, like 
this shipwreck off Croatia, 
and artefacts that are only 

a few thousand years old 


similar to modern humans. Some researchers 
even link the two trends, says Manuel Will at 
the University of Tubingen, Germany. They 
point out that seafood contains more of the 
nutrients, including omega-3 fatty acids, 

that are believed to support brain growth 

and development. It isn’t a consensus view, 
but the argument is that humans began to 
behave in a modern way because they adopted 
a seafood diet —- which would make coasts 
pivotal to our human story. 

Less contentiously, coasts are now widely 
seen as important migration corridors that 
ancient humans used to spread from our 
roots in Africa across the world over the past 
100,000 years. Some of the earliest evidence 
of human occupation in the Americas comes 
from a 14,200-year-old site called Monte 
Verde in southern Chile. The site’s coastal 
location fits with the idea that early Americans 
arrived in Alaska and then rafted down the 
Pacific coast. Previously, archaeologists 
thought that, after marching across an ancient 
land bridge called Beringia between Siberia 
and Alaska, people then dispersed across the 
inland plains of North America. “But there has 
been a 180-degree shift —a sea change, if you 
will—to the idea that coasts were far more 
important,” says Jon Erlandson at the 
University of Oregon. 

This means that the earliest evidence 

© of humans spreading into new continents 

& might lie underwater. Erlandson is in the 

i process of identifying areas off the coast 

& of California where items left by the first 

2 Americans might still be preserved. Likewise, > 
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DEEP HISTORY OF SEA COUNTRY PROJECT 


as the Deep History of Sea Country project 
pushes further offshore, there is the potential 
to uncover evidence of the earliest 
archaeological remains anywhere in Australia. 

Studying underwater sites can also help 
us understand how people reacted as the seas 
gradually swallowed their land. Ehud Galili at 
the University of Haifa, Israel, is a pioneer of 
drowned landscape archaeology and has been 
diving and studying ancient settlements off 
the coast of Israel for decades. In 2019, he and 
his colleagues published a paper describing 
what appears to be the earliest known coastal 
defence wall, at a 7000-year-old site called 
Tel Hreiz that lies about 4 metres below the 
waves, 90 metres offshore. 

“Tsaw an elongated feature, 100 metres 
long, made of boulders, and I realised it was 
exceptional,” says Galili. This wall of boulders 
was on the seaward side of the settlement so 
seems to have been a barrier to protect against 
erosion. “We now know the history of coastal 
protection starts 7000 years ago,” he says. 

Building the wall was a huge undertaking: 
some of the boulders probably weigh more 
than a tonne. But it ultimately failed, given 
that Tel Hreiz was inhabited for only a few 
generations. It does show, at least, that ancient 
people valued living next to the sea enough 
that they would strive to keep their settlements 
from being lost to the waves. 

More evidence in this vein comes from 
the Isles of Scilly, an archipelago offthe 
south-westernmost tip of England that is 
unusually rich with ancient monuments, 
including hundreds of cairns, standing stones 
and chamber tombs. In 2020, a team led by 
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“If you're not 
studying ancient 
coastal societies, 
you're missing 
out on a huge 
portion of 
human history” 


Robert Barnett at the University of Exeter, UK, 
showed how sea-level rise between 5000 and 
4000 years ago submerged 36 per cent of the 
islands’ land area. The team also reviewed 
the archaeological evidence from the islands 
and found that this loss didn’t lead to a drop 
in human activity. Instead, there was an 
intensification of monument building. 

The rising seas would have had a progressive 
and obvious impact on the ancient islanders’ 
home. “Some researchers have speculated 
that the unusual concentration of megalithic 
burial monuments was an attempt to 
establish continuity in the face of such 

an unpredictable world,” says Bailey. It is, 

of course, hard to know for sure. 

Back in Australia, ancient minds may be 
slightly easier to read. “Our history and culture 
is handed down, generation to generation, 
through knowledge sharing between family 
and community members,” says Jeffries. His 
community and dozens of others all around 


EHUD GALILI 


Stone tools were recently 
discovered at the Dampier 
Archipelago in Australia (left). 
At Tel Hreiz, off the coast of 
Israel, there is an ancient 
defensive sea wall (above) 


the Australian coast still tell stories relating 
to the loss of land as the seas rose. 

For several years, Patrick Nunn at the 
University of the Sunshine Coast, Australia, 
and his colleagues have been listening to 
these stories. Because so many of these 
coastal communities tell at least one story 
on the theme of land lost to the sea, Nunn 
suspects they all relate to a time when sea 
levels rose dramatically around Australia. This 
stopped happening about 7000 years ago after 
most of the ice sheets associated with the last 
glacial period had melted, which means the 
stories may be among the oldest still being 
told. Nunn thinks they hint at just how 
traumatic it was for ancient societies to deal 
with sea-level rise, while also offering a way for 
dozens of today’s communities to remember 
long-lost territories. Perhaps that explains why 
Jeffries wasn’t surprised when Wiseman dived 
into the sea and brought ancient drowned 
artefacts back to the surface. 

With research like this, we are beginning 
to build a detailed picture of the value of 
coasts to past populations. But with so much 
of Aquaterra yet to be explored, far more can 
still be learned. Benjamin is keen to get back 
in the water and go diving for more drowned 
secrets. “If you're not studying ancient coastal 
societies,” he says, “then you're missing out 
on a huge portion ofhuman history”. 


Colin Barras is a science writer 
based in Ann Arbor, Michigan 
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Stargazing at home 


Abigail Beall is a science writer 
in Leeds, UK. She is the author 
of The Art of Urban Astronomy 
@abbybeall 


What you need 


Dark skies 


Stargazing at home appears 
every four weeks 


Next week 
Science of gardening 


Hunting for Hydra 


Hydra is the largest constellation in the sky, but it isn’t very bright. 
You will need a lot of help finding it, says Abigail Beall 


MAKE a fist with your hand, 

then hold it out to the sky at arm’s 
length. The width covered by your 
fist will be around 10 degrees. 
Now imagine 10 of these ina 

row. The biggest constellation 

in the sky, Hydra (pictured right), 
stretches across this huge 
expanse, covering 102 degrees. 

Named after a mythical water 
snake, the constellation’s head 
sits in the northern celestial 
sphere while its tail stretches into 
the southern one. This means that 
the entire constellation can be 
seen from many places around the 
world, anywhere located between 
54 degrees north and 83 degrees 
south. Latitudes north of this can 
glimpse part of the snake, but not 
the entire thing. 

Because of its size, Hydra sits 
alongside 14 other constellations in 
the sky. The southern part of Hydra, 
its tail, borders the constellations 
Libra and Centaurus, while its 
northern head resides between the 
constellations Virgo and Cancer. 
Eighteen stars within Hydra have 
been found by astronomers to 
have exoplanets of their own. 

Although it is large, it isn’t a 
bright constellation, so you will 
need dark skies to find it. The 
easiest way to locate Hydra is 
to start by looking for its tail. 

To find Hydra’s tail, look 
for the bright star Spica, in the 
constellation Virgo. Start by 
finding the Plough (known as 
the Big Dipper in North America). 
Follow the arc of the handle until 
you reach a bright star called 
Arcturus, then keep this line 
going to reach Spica. 


Keep following this imaginary 
line and you will see four stars in 
a roughly rectangular formation. 
This is the constellation Corvus, 
or the crow. Next to this is another 


faint constellation called Crater, or 
the cup. Both sit “on top” of Hydra. 

As the Greek myth goes, the god 
Apollo asked a crow to bring him 
water. The crow took a cup to the 
river, but it got distracted by a fig 
tree and took much longer than 
expected. In order to explain the 
delay to Apollo, the crow plucked 
a snake out of the river and 
pretended it had been attacked. 
The god saw through this, 
however, and threw the crow, 
cup and snake into the sky. 

Now we have to find the head of 
the snake, which sits near Procyon 
(astar in the constellation Canis 
Minor) and Betelgeuse (a star in 


Twisteddoodles 

for New Scientist 
Picturing the lighter 
side of life p56 


Orion). These are both part of the 
winter hexagon, which we learned 
to spot earlier in this series. 

Draw aline from Betelgeuse to 
Procyon and keep going. You will 
reach a bright star called Regulus, 
in the constellation Leo. Hydra’s 
head lies around halfway from 
Procyon to Regulus. Join head and 
tail and you should see a trail of 
stars making up Hydra. Alphard, 
Hydra’s brightest star, sits closer 
to the head of the snake. 

Ifthe sky is dark enough, you 
will see the Milky Way running 
almost parallel to Hydra. Ifthe 
crow and cup are “on top” of the 
snake, the band of the Milky Way 
will be below them all. 

These articles are 
im posted each week at 
newscientist.com/maker 
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ALLEXXANDARI/GETTY IMAGES 


The back pages Puzzles 


Cryptic crossword #55 Set by Wingding 
ri | 
i 
Pt 
i 


ACROSS 


1 Teasing part of foot (4) 

3/23 Down/22 Down Part liquid lard in fat 
stores for 1 on the 9/10/11 (8,4,5) 

9/10/11 Abort cellist's solo composition — it’ll 
help assess movements (7,5,5) 

12 Arctic inhabitant taking time to work 
out instinctively (6) 


14 Edison working in an acceptable position (6) 


16 Dryly humorous, worried inside, like 7 on 
the 9/10/11 (6) 

19 To satisfy monarch, leave English church (6) 

21 Sound of food seller in Asian city (5) 

24 Aray giving up heart for lizard (5) 


25 Body fluid shortly to identify DNA molecule (7) 


26 Fanatics ordered dried ash (8) 
27 Regularly puts beer in addict (4) 
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Scribble 
Hi| 
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Answers and 

the next quick 

crossword next week 


DOWN 


1 Hazardous material, arsenic, on superior 
operating system (8) 

2 Athome, surrounded by tea and plates (5) 

4 Chlorine gas raises European 

15/18 pastry (6) 

Something valuable, like collection (5) 

Break up piece of tomato, miserably (7) 

Fish restores ‘ealth, they say (4) 

Naturalist leaving town with 

daughter to visit (6) 

13 Democrat boarding ship south of 
city limits to get engine part (8) 

15/18 Pegasus had sea monster like 3 on 
the 9/10/11 (7-6) 

17 Article on faculty chief from South America (6) 

18 See 15 Down 

20 Antelope in area between two US cities (5) 

22 See 3 Across 

23 See 3 Across 


ONO WU 


: 
= Our crosswords are now solvable online 
newscientist.com/crosswords 


EAKKASIT90/SHUTTERSTOCK 


Quick quiz #97 


1 Which creature is said to have the most 
powerful punch for its size? 


2 0n19 April 1971, the USSR launched 
the first space station into low Earth orbit. 
What was its name? 


3 Dacryoadenitis is inflammation of 
which glands? 


& What is the phenomenon in which 

a harmless organism mimics the traits of 
a poisonous or unpalatable one in order 
to ward off predators? 


5 The UK's three native conifers are the 
common yew, Scots pine and what? 


Answers on page 55 
Puzzle 


set by Steven Wain 
#109 Chocs-a-weigh 


You have been given the job of quality 
control manager at a chocolate factory 
and placed in charge of six machines. 


Each machine makes chocolate bars that 
weigh 200 grams. But your predecessor 
has left you a note to say that one of the 
machines is creating bars that are 5 grams 
too light. 


Fortunately you have a digital weighing 
machine at your disposal, which will take 
weights of up to 3 kilograms. 


How can you work out which of the six 
machines is at fault with just one single 
weighing —- and without breaking any of 
the chocolate bars? 


Solution next week 


redmolotov.com 
0121 559 2685 


- what | arn doing 
rch: what doing 
ssh when | don't Know 


what | am doing 
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The back pages Almost the last word 


Different dough 


San Francisco sourdough bread 
tastes completely different 

to sourdough from the UK. 

Are UK yeasts different from 
Californian ones or is this due 
to the bread-making process? 


Andrew Farrer 
London, UK 
Sourdough is made using a starter 
culture created by exposing flour 
and water to the air to “infect” the 
mixture with natural yeasts. 
Inoticed that when Imoved 
just 5 kilometres north from 
central London, it led to changes 
in my existing starter within a 
week or so: it became more sour 
and vigorous, meaning the dough 
rose more quickly. The place I now 
live is about 60 metres higher, so 
maybe that makes a difference. 
The starter also became more 
vigorous when | took it to France. 
Isuspect that if you brought a 
San Francisco starter to London, 
it would quickly become infected 
with London yeast and take on the 
characteristics of a London starter. 


Isabella Van Damme 

Gairloch, Highland, UK 

It depends what is meant by 

“San Francisco sourdough” and 
“sourdough from the UK”, as there 
is no standard definition for either. 
However, San Francisco sourdough 
tends to be more sour, aerated 

and chewy than other types. 


“Moving a sourdough 
starter culture just 
5 kilometres across 
London led to it 
becoming more 
sour and vigorous” 


All sourdough bread is 
leavened with a starter prepared 
by spontaneous fermentation 
of a mixture of flour and 
water. Large-scale commercial 
sourdough usually has extra yeast 
added to speed up production. So 
if we consider only artisanal and 
home-baked sourdough, then 
there are four main reasons for 
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WE ARE/GETTY IMAGES 


This week’s new questions 


Carrying weight I recently lost 15 kilograms, so why can’t 
I comfortably pick up and carry a 15 kg weight? I was fine 
carrrying this weight when it was distributed all over my 
body. Ashley Taylor, Brisbane, Australia 


Tiny tide What is the smallest body of water in which tides can 
be detected? Alan Burger, Logan Lake, British Columbia, Canada 


the differences between UK and 
San Fransisco loaves: the microbes 
in the starter, the flour, the recipe 
and the process. 

Sourdough’s sourness is due 
to lactic and acetic acid made 
by bacteria, mainly from the 
Lactobacillus genus, while yeasts 
produce carbon dioxide gas that 
aerates the loaf. The microbes 
create metabolites responsible 
for flavour, and originate from 
the starter, the environment, the 
hands of the baker, the equipment 
and the flour. The flavour of 
San Francisco sourdough is 
often wrongly attributed to 
Lactobacillus sanfranciscensis, 
but this species is abundant in 
starters around the world. 

The microorganisms in flour 
depend on its type, andthe manner 
and location in which the grain 


was grown and processed. Organic 
wholemeal flour has a particularly 
abundant supply of them. The 
flour’s protein content plays an 
important role in the loaf’s texture 
and its ability to hold gas bubbles. 
The amount of water is crucial too, 
as an elastic dough is necessary to 
allow expansion when gas is made. 
Finally, the method for 
mixing and treating the 
ingredients also affects flavour 
and texture. Sourdough bread 
requires a slow fermentation 
over one to four days. This, 
together with the temperature 
at which the dough is held, affects 
which microorganisms thrive. 
It is therefore unsurprising 
that sourdough is different 
depending on where it is made 
and by whom, resulting in 
variations in bread characteristics. 


Want to send us a question or answer? 


WA 


Email us at lastword@newscientist.com 
Questions should be about everyday science phenomena 


Full terms and conditions at newscientist.com/lw-terms 


After losing a lot of weight, 
shouldn't it be easy to lift 
the equivalent mass? 


Offspring insight 


How do animals recognise their 
progeny? Are they conscious 
that they reproduce? Male lions 
kill the cubs of other males, but 
not their own, yet cuckoos get 
away with it. How? 


Garry Trethewey 

Cherryville, South Australia 

Some animals, like many fish 

and reptiles, don’t recognise 

their offspring at all, eating them 
or later mating with them. But 
even among those that appear to 
recognise their offspring, I suspect 
that what they recognise is recent 
proximity —an infant that they 
were caring for lately, for example. 

Then there is the issue of the 
mechanism of recognition. Does 
this happen by smell, sound, sight 
or in some other way? Exceptions 
to the rule are illustrative. Ifa lamb 
dies, and the mother of another 
lamb dies, a farmer can get the ewe 
to adopt the orphan by skinning 
the dead lamb and tying the skin 
around the live one. It appears that 
the mother then smells her own 
lamb and allows suckling. It looks 
tentative at first. She appears to 
be thinking: “Are you really my 
baby?” But after the first feed, 
she seems to bond with it. 

When it comes to male lions 
killing the cubs of other males, but 
not their own, lam inclined to say 
that a male lion doesn’t actually 
recognise his own or another cub. 
What drives him is the time since 
acquisition ofa new harem. If he 
has recently moved in, he will tend 
to kill any cubs, but after a while, 
he won’t kill new cubs. 

Researchers have studied 
how we humans recognise 
our offspring, particularly with 
regard to incest avoidance. We 
actually don’t recognise genetic 
relationships. It turns out that 
iftwo adults lived in close 
proximity as children, then 
sexual attraction is diminished. 
Unrelated children brought up 


Tom Gauld 
for New Scientist 


WE'D BETTER BE GETTING 
BACK. THE PROFESSOR IS 
GOING TO PRESENT HER 
ABSURD THEORY THAT 
MATTER IS INHERENTLY 
CONSCIOUS AND THUS 
EVERYTHING IN THE 
UNIVERSE I$ SENTIENT. 


SHOULD BE GOOD 
FOR A LAUGH. 


together in collectivecommunities “The parents can’t 


such as kibbutzes later tend to 
seek sexual partners outside 
that group, for instance. 

So how do cuckoos get away 
with leaving other birds to raise 
their young? Cuckoo chicks do 
all the things that their adoptive 
parents recognise: their open 
beaks are the right shape and 
colour, and they make the right 
sounds. And, of course, they are 
sitting in the right nest. 

What does this tell us about 
whether animals are conscious 
that they reproduce? It is 
reasonable to say that animals 
live in the “now”. Some mating 
act from a month or more ago 
is forgotten. A baby has arrived? 
Feed it. You fed it yesterday, so 
keep feeding it. 

From a slightly more 
philosophical angle, we don’t 
need to be conscious of something, 
or even to recognise it, for it to 
change our behaviour. When Iam 
hungry, my behaviour changes, 
even iflam not conscious of the 
feeling and don’t “recognise” 
that Iam hungry. 


recognise their chick 
by sight, sound or 
smell, soit is doomed 
if it falls from the nest 
and can’t get back in” 


Mike Follows 
Sutton Coldfield, 
West Midlands, UK 
Most mammals use smell to 
recognise their young, whereas 
birds tend to use sound. Other 
factors can also play a part, 
including location and timing. 
Males of some species — notably 
big cats — will kill their mates’ 
young ifthey are born too soon 
after they arrived on the scene. 
Female panthers and primates can 
go into pseudo-estrus (false heat) 
so that anew male will mate with 
them, hoodwinking him into 
believing that he is the father 
when the offspring are born. 
Smell is much less important 
for recognition among birds, 
which makes it easier for the 
common cuckoo to trick other 
bird species into raising their 


THEY’RE IN LE 
FOR A SHOCK. 


SO ARE WE. IF 
YOU THINK IT’S 
BAD WHEN THEY 
SIT ON US, JUST 
WAIT TILL THEY 
WANT TO TALK 
TO US AS WELL. 


young. The colour of the cuckoo 
egg matches that of the host bird, 
but why doesn’t the host bird 
reject the cuckoo chick? It seems 
that the parents imprint on, or 
bond with, any hatchling that 
appears in their nest. 

Indeed, the grey-headed 
albatross relies on the fact that its 
chick is in the nest. The parents 
can’t recognise their hatchling by 
sight, sound or smell, so a chick is 
doomed if it falls out of the nest 
and can’t climb back in. 

Konrad Lorenz, the Nobel 
laureate famous for studying bird 
behaviour, observed that greylag 
goose goslings imprint on the first 
moving stimulus that looks a bit 
like a bird. Incubator-hatched 
geese would imprint on his boots 
and follow him. 

This strategy is fine when the 
parent is leading its young to food, 
but it wouldn’t work for birds like 
penguins, where one parent has 
to leave to forage for food. In this 
case, sound is more important for 
recognition— penguins can discern 
the call of family members against 
the background din ofa colony. ! 


Answers 


Quick quiz #97 
Answers 


1 The peacock mantis shrimp, 
which can strike with a force of 
around 1500 newtons 


2 Salyut 1 
3 The tear (or lacrimal) glands 
4 Batesian mimicry 


5 The common juniper 


Quick crossword 
#80 Answers 


ACROSS 1 Wright, 4 Strata, 

9 Sled, LO Fahrenheit, 11 Gemini, 
12 Tried out, 13 Benchmark, 

15 Moth, 16 Peak, 17 Diffusion, 
21 Paranoia, 22 Reload, 24 Leap 
second, 26 Smelly, 27 Bypass 


DOWN 1 Wall-eye, 2 Indri, 

3 Hafnium, 5 Thesis, 

6 Anhydrous, 7 Azimuth, 

8 The Terminator, L4& Crab apple, 
16 Planets, 18/25 Faraday cage, 
19 Oranges, 20 Lovell, 23 Lycra 


#108 Half time 
Solution 


The numbers on the two pieces 
of the broken clock add up to 69. 
The numbers 1 to 12 add up 

to 78, but Sherlock Holmes had 
observed that one piece added to 
an odd number and the other to 
an even number: odd plus even 
equals odd, so can’t be 78. The 
only way to achieve two pieces 
that add up to an odd number 

is if one of the two-digit clock 
numbers breaks, so its two digits 
are on different pieces. This 
could be 10 (splitting to make 
1+0), 11(1+1) or 12(1+2). 

In each case the total of the 
numbers has decreased by 

9, and 78-9=69. 
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The back pages Feedback 


Udderly disgusting 


“Pause and ask yourself where 
would you rather be right now?” 
says an email with a tad too much 
upwards inflection for Feedback's 
taste, sent on by reader Barry Cash. 
We do, coming to the pandemic- 
weary conclusion “anywhere”. 

This answer is apparently correct, 
as it also embraces the British crown 
dependency of Jersey. “This season, 
we're celebrating all things edible 
and home-grown, so read on and 
discover a flavour of Jersey,” the 
email from that island's tourist 
board burbles on. A brief discussion 
of the merits of Jersey Royal 
potatoes and freshly caught local 
seafood follows, before things take 
an unexpected turn. “Still hungry?” 
we read, and then, “WIN a fresh 
pat picked from our local fields.” 

The “limited-edition Jersey Cow 
Pat Face Mask” is the first of its kind, 
we are informed. “Not only does our 
iconic breed produce high quality 
legen-dairy milk, but their fresh pats 
can also do wonders for our skin.” 

We are reassured that it is solely 
for external use, at least, anda 
faecal facial would certainly be 
one step up and sideways from the 
historically favoured asses’ milk. 

Sadly, due diligence reveals that 
the cow pat face mask’'s ingredients, 
while organic, aren't quite as 
organic as that, consisting mainly 
of marketing material for an April 
Fool. Following recent discussions 
of alternative skincare products 
(13 March), we will be sticking to 
our favoured hydrogenated water. 


Divided by language 

To see where the world is headed, 

you must only look at its changing 

use of language. If your toes curled 

at that “headed”, you are likely 

two things: an irrational pedant 

who can’t accept that language 

isn’t about rules, but about 

efficient communication; and 

a British-influenced strain of 

that species intent on decrying 

Elizabethan coinages as 

newfangled Americanisms. 
Feedback is both these things. 

But following the principle that 
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@iwisteddoodies 


Got a story for Feedback? 

Send it to feedback@newscientist.com or 

New Scientist, 25 Bedford Street, London WC2E 9ES 
Consideration of items sent in the post will be delayed 


a problem shared is a problem 
doubled -—do the math - we are 
delighted to discover the distaste 
cuts both ways. 

Under the subheading 
“Britishisms update”, the latest 
“Style and Substance” column of 
The Wall Street Journal contains 
the stern self-chastisement that 
“Phrases from British English 
continue to creep in to our copy. 
Maybe not as badly as we [sic] 
were doing at one point, but it 
is still worth policing.” 

The details of their discomfiture 
need not concern us, sufficient 
to say, whatever — their bad. For 
readers wondering what any of 
this has to do with science, the 
answer is very little, apart from 
our perennial interest in self- 
referential logic. We are intrigued 
to see whether our ever-vigilant 
subeditors are duty bound to 
change Americanisms that appear 


in an item about Americanisms, 
or whether they accept it just is 
what it is, period. 


Building up 


The language of science, of course, 
leaves less room for competing 
interpretations. This is why we 
are pleased to confirm that we 
categorically were intending 
to introduce the concept of 
four-dimensional urban hyperspace 
when we asserted that “on average, 
the UK's towns and cities have 
as much nectar available for 
pollinating insects per square 
hectare as farmland and even 
nature reserves and parks” 
(27 March, p51). 

Well, perhaps not - but what 
a fine way to reduce humanity's 
ever-growing footprint on the sadly 
approximately two-dimensional 
surface of the planet that would be. 


Braking bad 


On asimilar theme of regrettable 
impossibilities, Wayne Cadman 
writes from Sydney, Australia, that 
the owner’s manual of his Peugeot 
car advises that its adaptive cruise 
control “cannot exceed the limits 
of the laws of physics”. 

Although on consideration, 
perhaps not so regrettable: quite 
apart from the untested effects, 
say, of warp speed on human 
physiology, a general problem 
with perpetual motion machines 
would presumably be bringing 
them to a sudden halt in an 
unexpected traffic situation. 


Not so old 


Trying, he says, to alleviate the 
covid-19-induced symptoms of 
cabin fever, Mike Stevenson reports 
himself to have been “wistfully 
surfing” the New Scientist Discovery 
Tours pages. “If | was interested in 
the ancient caves of Northern Spain, 
| could ‘step back in time to see 
how our ancestors lived with 
New Scientist writers;,” he reports. 
With such vast age comes the 
huge wisdom that infuses these 
pages, Mike, although you will have 
to learn to live with the sometimes 
palaeolithic personal hygiene. 


HRH RIP 


It isn’t given to us to mark the 
passing of every reader, but it feels 
appropriate to commemorate one 
in the public eye who championed 
many, often unfashionable, 
causes dear to New Scientist 
hearts, from nature conservation 
to the general importance of 
science and technology. 

On this magazine’s first 
birthday in November 1957, Prince 
Philip wrote a personally signed 
note to its editor Percy Cudlipp 
expressing his desire that it 
should survive and thrive for many 
more. He was also an occasional 
contributor to the magazine, most 
recently writing in 2015 on how 
great engineers can improve the 
world. He was a forceful advocate, 
and will be sadly missed. # 
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